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Mail Stop Petition 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 



/ 



O 



The owner of the above-cited patent application, Abas, Inc., a wholly-owned 
subsidiary of Methode Electronics, Inc., (hereinafter "Rule 1.47(b) applicant") respectfully 
requests reconsideration of the dismissal of its previously submitted original Petition Under 
37 C.F.R. § 1.47(b), which requested that the above-captioned patent application be accepted 
without the signature of the inventor, Lutz Axel May. The Rule 1 .47(b) applicant requests 
reconsideration on the merits of the following: 



This renewed Petition, including the Exhibits submitted herewith; 

A Decision on Petition Under 37 C.F.R. § 1 .47(b) issued by the U.S. Patent & 

Trademark Office (PTO) on July 28, 2006, in connection with U.S. Patent 

Application Ser. No. 10/482,002, also owned by Abas, Inc.; and 

The Rule 1.47(b) applicant's original Petition and referenced enclosures, exhibits, 

and other papers submitted therewith. 
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This renewed Petition contains additional information not contained in the previously- 
submitted Petition. 

A. Background 

The Decision on Petition dated June 23, 2006, states that six items must be satisfied 
before a Petition Under 37 C.F.R. § 1 .47(b) may be granted. With regard to the original 
Petition, the Patent Office found that items (1), (3), (4), and (6) have been satisfied, but that 
items (2) (i.e., "Factual proof that the inventor refuses to execute the application or cannot be 
reached after diligent effort") and (5) (i.e., "Proof of proprietary interest in the application"), 
have not been satisfied. Before specifically addressing items (2) and (5), the following 
information about another Petition Under 37 C.F.R. § 1.47(b) submitted to the Patent Office 
in connection with another matter is provided. 

B. Previously Granted Decision on Petition 

The Rule 1.47(b) applicant wishes to point out that it has submitted to the U.S. Patent 
& Trademark Office (PTO) a Petition Under 37 C.F.R. § 1.47(b) in connection with several 
pending patent applications, all of which name Lutz May as the inventor or a joint inventor. 
Some of those petitions have been granted; others are in various stages of being reviewed by 
the PTO or have been denied by the PTO. 

The original Petition Under 37 C.F.R. § 1 .47(b) submitted to the PTO in connection 
with U.S. Patent Application Ser. No. 10/482,002 ("the '002 application") was the first 
Petition that was submitted to the PTO in connection with the aforementioned pending patent 
applications. After submitted a Second Renewed Petition Under 37 C.F.R. § 1.47(b) to the 
PTO in connection with the '002 application, the PTO issued a Decision on Petition Under 37 

C. F.R. § 1.47(b) on July 28, 2006, which indicates that the Petition has been "GRANTED." 
That decision was made based upon facts and evidence that are being submitted to the PTO in 
connection with the present Petition Under 37 C.F.R. § 1 .47(b). Exhibit 1 contains a 
Declaration attesting to the contents of the Second Renewed Petition Under 37 C.F.R. § 
1.47(b) that was submitted in connection with the '002 application. Exhibit 2 contains a copy 
of the aforementioned Decision on Petition. 

Accordingly, because the material facts and evidence submitted to the PTO in 
connection with the '002 application are also being or have been submitted to the PTO in 
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connection with the present Petition, the Rule 1.47(b) applicant respectfully requests that the 
Petition Examiner reviewing this Petition grant this Petition for the same reasons that the 
Petition Examiner granted the Second Renewed Petition in connection with the '002 
application. 

The Rule 1.47(b) applicant wishes to point out that facts concerning related litigation 
in Germany (discussed below) were not available to the Petition Examiner that reviewed and 
granted the Second Renewed Petition in connection with the '002 application. Information 
concerning the German litigation was submitted to the Patent Office on September 13, 2006, 
in connection with the '002 application, which is after the July 28, 2006, date of Decision as 
noted above. 

C. Item (2): Factual Proof That The Inventor Refuses To Execute The Application 
Or Cannot Be Reached After Diligent Effort 

In the Rule 1.47(b) applicant's original Petition, a Declaration of Alexander Straus 
was provided that indicated that Lutz May had been contacted on several occasions and 
requested to execute the application papers in connection with this and other patent 
applications. Enclosed herewith (Exhibit 3) is a certified English translation of the various 
letters and delivery certificates concerning the aforementioned contacts with Lutz May. In 
particular, two letters, both dated August 24, 2005, from Alexander Straus to Lutz May's 
attorney are provided in which is indicated that Dr. Straus forwarded the application papers 
and Declaration/Power of Attorney form to Lutz May. Also included is a Courier Ticket 
showing that the letters were delivered on August 24, 2005, and a confirmation letter from 
Eurokurier, dated August 31, 2005, which is the company that provided the courier service 
for Dr. Straus. 

Although the letter to Lutz May's attorney does not specifically mention that the 
application papers related to the present application were sent to Lutz May, on information 
and belief the application papers were in fact sent to Lutz May's attorney on August 24, 2005. 
Enclosed herewith is an electronic mail message from the undersigned to Dr. Straus 
containing the application papers as an attachment (Exhibit 4; non-relevant portions have 
been redacted), a copy of the application papers attached to the message (Exhibit 5), and a 
letter from Alexander Straus confirming that the attachment was sent to Lutz May on August 
24, 2005 (Exhibit 6). 
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Action by the Patent Office is necessary to preserve the rights of Abas, Inc., in the 
subject patent application. It would be unfair to Abas, Inc., to deny this Petition based solely 
on the lack of an express refusal from Lutz May to execute the application papers, when in 
fact it has been Lutz May's tactic to delay and avoid executing the application papers as long 
as possible, thereby forcing Abas, Inc., to instigate the aforementioned legal action in 
Germany, at a significant expense to Abas, Inc., all of which has caused, among other things, 
the unnecessary delay in prosecuting this and other patent applications in the Patent Office 
(this application, for example, was originally filed in the Patent Office on March 25, 2005, 
based on an international patent application dated September 24, 2003). 

For those reasons, the Rule 1 .47(b) applicant respectfully submits that factual proof 
exists that a bona fide attempt was made to present the application papers to Lutz May for his 
review and signature, and that he refuses to execute those papers. 

D. Item (5): Proof Of Proprietary Interest In The Application 

As to item (5), M.P.E.P. § 409.03(f) states that proof of a proprietary interest in the 
subject patent application may be demonstrated by a legal memorandum to the effect that a 
court of competent jurisdiction would, by the weight of authority in that jurisdiction, award 
title of the invention that is disclosed in the patent application to Abas, Inc. M.P.E.P. § 
409.03(f) also states that the facts in support of any conclusion that a court would award title 
to Abas, Inc., should be made of record by way of an affidavit or declaration of a person or 
persons having firsthand knowledge of the same. Also according to M.P.E.P. § 409.03(f), the 
legal memorandum should be prepared and signed by an attorney at law familiar with the law 
of the jurisdiction involved and that a copy (in the English language) of a statute (if other 
than a United States statute) or a court decision (if other than a reported decision of a U.S. 
federal court or a decision reported in the United States Patents Quarterly) relied on to 
demonstrate a proprietary interest should also be made of record. 

Submitted concurrently herewith is a legal memorandum prepared by Klaus Gennen, 
Methode Electronics, Inc.'s German counsel, that establishes Abas, Inc.'s proprietary interest 
in the subject patent application (Exhibit 7). Accordingly, based on the information provided 
in this renewed Petition and the Klaus Gennen legal memorandum, the Rule 1 .47(b) applicant 
respectfully submits that factual proof exists that Abas, Inc., has a proprietary interest in the 
present application. 
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The memorandum of law does not unequivocally state that a court of competent 
jurisdiction would award title to Abas (as opposed to Methode). The statement was made in 
the memorandum of law because it was not known at the time the memorandum was 
prepared whether the relief being sought in related litigation against Lutz May in Germany 
would request award of title in the present invention and patent application to Abas or to 
MDI. The Rule 1.47(b) applicant wishes to inform the Patent Office that the relief being 
sought in the German litigation includes a plea that the German court determine that the 
disputed catalogue of intellectual property assets (including the present invention) actually 
belonged to Fast at the time of its insolvency. If that relief is granted, it would effectively be 
an award of title to Abas (not MDI). 

The Rule 1 .47(b) applicant also wishes to point out that the aforementioned German 
litigation against Lutz May is still pending. Between the submission of the previously- 
submitted original Petition to the PTO on October 28, 2005, in connection with the present 
patent application, and the submission of this Renewed Petition being filed on this date, the 
German court hearing the case issued its decision. Thus, that information was not available at 
the time the original Petition was submitted to the PTO. 

In the German litigation, the German court denied Abas, Inc.'s relief and, on 
information and belief, granted at least some of the claims of defendant Lutz May, citing 
recent decisions by the Superior Court Duesseldorf (SCD) and the German Supreme Court 
(GSC). The applicable law at issue was the German Civil Code ("BGB"), which relates to, 
inter alia, employee inventions. The relief that the German court granted Lutz May included 
a denial that some of his inventions, including the present invention, belonged to Fast 
Technology at the time of Fast's insolvency. The decision is being appealed by Abas, Inc., on 
the basis that the German court improperly applied the facts of the case in view of the 
holdings of the aforementioned recent higher German court decisions. At this time, briefing 
papers have been submitted to the appeals court, but no oral proceedings have been 
completed and a decision by the appeals court has not issued. 

E. Conclusion 

In the event there are any questions relating to this renewed Petition or the other 
papers submitted concurrently herewith, it would be appreciated if the Patent Office would 
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telephone the undersigned attorney concerning such questions so that the prosecution of this 
application may be expedited. 



Any fee due is authorized above. Please charge any shortage or credit any 
overpayment of fees to BLANK ROME LLP, Deposit Account No. 23-2185 (119508-00282). 



BLANK ROME LLP 
600 New Hampshire Ave., N.W. 
Washington, D.C. 20037 
Telephone: (202) 772-5800 
Customer No. 27557 

Date: December l£ , 2006 



Respectfully submitted, 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re U.S. National Stage Appln. of 
Lutz Axel MAY 
Serial No.: 10/529,326 
Filing Date: March 25, 2005 
I.ANo. PCT/EP03/10634 
LA. Filing Date: September 24, 2003 
Priority Date: September 25, 2002 
For: TORQUE SIGNAL TRANSMISSION 



Art Unit: Unassigned 
Examiner: Unassigned 
Confirmation No.: 8656 
Attorney Docket No. 119508-00282 



DECLARATION OF BRIAN HIGGINS 



I, Brian Wm. Higgins, hereby declare: 

1 . I am an Associate at Blank Rome, LLP, counsel for Abas, Inc., a wholly-owned 
subsidiary of Methode Electronics, Inc. (hereinafter the "Rule 1.47(b) applicant"). 

2. I am providing this Declaration in support of the Rule 1 .47(b) applicant's Petition 
Under Rule 1 .47(b) that is being submitted to the U.S. Patent & Trademark Office (PTO) in 
connection with the above-captioned patent application. 

3. Unless otherwise stated as being based on information and belief, the facts stated 
in this Declaration are based on my personal knowledge. 

4. U.S. Patent Application Ser. No. 10/482,002 ("the '002 application") identifies 
Lutz May as the inventor. Lutz May refused to execute the application papers for the '002 
application when they were presented to him. After submitting an original and First Renewed 
Petition Under Rule 1.47(b) to the PTO in connection with the '002 application, the Rule 1.47(b) 
applicant submitted a Second Renewed Petition Under Rule 1 .47(b) to the PTO on April 27, 
2006. 



5. Attached as Exhibit 2 to the Rule 1.47(b) applicant's Petition is a true and correct 
copy of a document entitled "Decision on Petition Under 37 C.F.R. § 1 .47(b)" that was issued by 
the PTO on July 28, 2006, in connection with the '002 application, and is signed by Anthony 
Smith, Attorney Advisor in the Office of PCT Legal Administration. The Decision on Petition 
was issued in response to the aforementioned Second Renewed Petition Under Rule 1 .47(b). 

6. In the present application, a Renewed Petition Under Rule 1 .47(b) is being 
submitted to the PTO which, when combined with information in the Rule 1.47(b) applicant's 
original Petition, contains essentially the same material facts and evidence submitted with the 
Second Renewed Petition Under Rule 1.47(b) submitted to the PTO on April 27, 2006, in 
connection with the '002 application, along with additional facts and evidence. 

I declare under penalty of perjury that the foregoing is true and correct. 



Dated: December ,2$ , 2006 




Bj5an Wm. Higgins 
Reg. No. 48,443 



EXHIBIT 2 



J< RALPH 

" Mcelroy Iranslation 



COMPANY 



December 22, 2005 
Re: 6591-106221 rev 12.21 



To Whom It May Concern: 

We certify that the English translation conforms essentially to the original German, 



J^Utftf 

Kim Vitray 
Operations Manager 

Subscribed and sworn to before me this 22nd day of December, 2005. 



I UNA WUtLfJINO 
j. ■ Notary Public 
}*) s "ie of Texas 
My Commission expires 

^.rjs Oecember 8. 2007 




(4^ jjM 



Tina Wuelfing 
Notary Public 




910 West Ave. 
Austin, Texas 78701 
ww.mcelroytranslation.com 



EXCELLENCE WITH A SENSE OF URGENCY® 




(512) 472-6753 
1-800-531-9977 
FAX (512) 472-4591 



[Letterhead of Becker Kurig Straus, Patent Attorneys] 

By courier 

Lutz Axel May 

c/o NCTE 

Engineering GmbH 

Erlenhof-Park 

Inselkammerstr. 10 

82008 Unterhaching 

Germany 



August 24, 2005 
(AS/SL) 



US 10/482,002 

Ourref.: Case 51856 



Dear Mr. May, 

As you know, our client is pursuing in the USA the patent granting process for the 
application named in the subject line, for which the signing of the "Assignments" and the 
Declaration for Patent Application and Power of Attorney," respectively, would be necessary 
The contested process concerning this matter in Germany is also known to you. 

In order to give you the opportunity to be able to properly sign the "Assignment" 
formally herewith we are handing over to you as an attachment to this letter on the protective 
ngnts US to/482,002 an "Ass lg nment," a combmed "Declaration for Patent Application and 

: T'". 3,80 C ° PieS ° f ^ rdeVant d ° CUmentS ° f corresponding file portions 
(submitted apphcatron text, file history, state of the art) for your review and for your information. 

Herewith, we request that you sign the enclosed "Assignment" and also the combined 
Declaratton for Patent Application and Power of Attorney" in a legally binding way and to 
return them to us at the latest by 
August 30, 2005. 



Sincerely, 

Becker Kurig Straus 
[signature] 



Dr. Alexander Straus 



Attachments 

as mentioned above 

cc: Copy of the letter (without, attachments) to Peters Schonberger & Partners 
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[Letterhead of Becker Kurig Straus] 

By courier 

Lutz Axel May 

c/o NCTE 

Engineering GmbH 

Erlenhof-Park 

Inselkammerstr. 10 

82008 Unterhaching 

Germany 



August 24, 2005 
(AS/SL) 



PCT/EP2004/00044; PCT/EP03/09349; US 10/498,058; US 10/480,597; US 10/477 180- and US 
10/485,960 ' ' a 

Ourref: Case 51856 
Dear Mr. May, 

As you know, our client is pursuing in the USA the patent granting process for the 
applications named in the subject line, for which the signing of the "Assignments" and the 
"Declaration for Patent Application and Power of Attorney," respectively, would be necessary. 

The contested process concerning this matter in Germany is also known to you. 

In order to give you the opportunity to be able to properly sign the "Assignment" 
formally, herewith we are handing over to you as an attachment to this letter on the following 
protective rights: 

PCT/EP2004/00044 
PCT/EP03/09349 
US 10/498,058 
US 10/480,597 
US 10/477,180 
US 10/485,960 

an "Assignment" and also a combined "Declaration for Patent Application and Power of 
Attorney," and copies of the relevant documents of the corresponding file portions (submitted 
application text, file history, state of the art) for your review and for your information 



Herewith, we request that you sign the enclosed "Assignment" and also the combined 
Declarations for Patent Application and Powers of Attorney" in a legally binding way artd to 
return them to us at th* lat^cf ku 



return them to us at the latest by 
September 7, 2005. 



Sincerely, 

Becker Kurig Straus 

[signature] 

Dr. Alexander Straus 



Attachments 

as mentioned above 

cc: Copy of the letter (without attachments) to Peters Schonberger & Partners 



[two copies of same ticket] 
WaitingAVorking time in min 
Confirmed by [signature] 



Delivery fee (net) 
WaitingAVorking time (net) 



[Courier's] Ticket 
Date: August 24, 2005 
Car No.: 207 
from Bavariastr. 7 
to Inselkammerstr. 10 

[stamp:] Becker Kurig Straus, Bavariastrasse 7, 80336 Munich 

PP [illegible name] 
Stamp/Signature of customer 



Customer No. 664 



[terms and conditions] 



[signature] 

Signature of recipient A. Sawall 



[Letterhead of Eurokurier] 
Becker, Kurig, Strauss 
Patent Attorneys 
Bavariastr. 7 
80336 Munich 



[stamp:] Becker Kurig Straus, August 31, 2005 



Dear Sir or Madam: 



Herewith we confirm the orderly delivery of the courier messages from the above address 
to the receiver at Unterhaching 82008, Inselkammerstr. on August 24, 2005. 



Sincerely, 
[signature] 
Th. Meyenberg 
[Stamp:] Eurokurier 
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[Letterhead of Peters, Schonberger & Partners, Attorneys at Law] 

[Stamp: Becker Kurig Straus, Bavariastrasse 7, 80336 Munich, August 30, 2005] 

Urgent!!! Please expedite! 

To: Dr. Alexander Straus 

Fax No.: 089/716 303 11 

From: Dr. Axel-Michael Wagner 

No. of pages including cover sheet: 2 

For further inquiries: Mrs. Barbara G6tz, ext. 209 

Re: ABAS vs May 

Yourref: 51856 case 

August 30, 2005 

93586/100832 

AWA-dgu 

Dear Dr. Straus, 

In the matter named above, I asked Mr. May to respond to your letters of August 24, 
2005. In the meantime, the set of attachments to these two letters has also been presented to me. 

First of all, I note that our last correspondence of July 6, 2005, in the pending 
proceedings has led to a more extensive analysis on the petitioner's side with the individual 
inventions and the additional documents necessary for the desired signatures. Obviously, the 
petitioner's side is not actually of the opinion that it can force the issuing of blank declarations 
without the presentation of additional documents that would allow the inventor to evaluate the 
value of his statement precisely according to US law. 

However, the extremely tight deadlines that have now been set bv vou are astonishing 
ihese deadlines are even tighter than the deadlines set within the previous correspondence, 
although-as will be shown now-an enormous expense is necessary for reviewing the documents 
that have been handed over. The reason for this type of schedule is unclear since the matter will 
now be pending in court even longer. Just in terms of the sheer extent of the documents and due 
to his current workload, despite an illness, it appears to our client, who returned from his 
vacation at the end of last week and since then has been in very poor health, that he will be 
incapable of making a decision within the deadlines set by you regarding whether the statements 
again desired by you can be signed at all in this form with reference to the presented documents. 
This is independent of the question of whether our client is legally obligated in terms of the 



already-raised objections (no consultation, limitations, right of retention, etc.) to give the 
statements also from a legal sense, if, theoretically, they could now be given. 

[footer: list of partners* names and fields of practice] 

The review of the presented documents-in part also in Chinese characters, in part also in 
Spanish-by our clients or the patent attorneys included by him, as well as the inclusion of an 
American (patent) lawyer, who can evaluate the demand on the issuing of the statements from 
the background of the extensive American enclosures and the matter contested in Germany, will 
take at least one month, possibly even longer, which is why a statement could be given at the 
earliest at the end of September/beginning of October 2005. After the review, we will revisit the 
matter without further inquiry. 

Only in passing will I point out that apparently by far not all of the presented documents 
were transmitted in the sense of a complete file disclosure of the USPTO, but instead, at least in 
part, a prior selection of the documents had been performed. Therefore, there exists the 
additional problem that the documents must be checked here or by the American representatives 
of our clients for their completeness, which would not have been the case for a complete 
transmittal of copies of the official file. 



Sincerely 
[signature] 

Dr. Axel-Michael Wagner 
Attorney-at-law 



EXHIBIT 4 



Higgins, Brian 



From: 



Higgins, Brian 

Tuesday, August 23, 2005 1 :49 PM 

'straus@galileolaw.de'; 'Klaus Gennen'; 'K. Nelte'; 'J.Kunzmann@cbh.de* 
'sharders@methode.com'; 'larry.rupert@methode.com'; Wolfe, Charles R. Jr. 
Part 6 of 8 



Sent: 

To: 

Cc: 



Subject: 



Attachments: 



119508-00282.pdf 




119508-00282.pdf 
(4MB) 



Further to the e-mail below, please see the attached file: 1 19508-00282. 

The assignment document (Lutz May to Abas, Inc.) is included in the attached file, but it does not constitute part of the 
initial application papers that were submitted to the U.S. Patent Office and could be removed prior to sending the 
application papers to Lutz May's attorney. 

Best regards, 

Brian Higgins 



Original Message — 

From: Higgins, Brian 

Sent: Monday, August 22, 2005 3:19 PM 

To: 'straus@galileolaw.de'; Klaus Gennen; K. Nelte; 'J.Kunzmann@cbh.de' 

Cc: 'sharders@methode.com'; , larry.rupert@methode.com , ; Wolfe, Charles R. Jr. 

Subject: RE: Three issues regarding lawsuit agains Lutz May/Fast AG 



Alexander, 

The action item that we see regarding item 3) is to forward to Lutz May's attorney, via registered mail (or the equivalent, so 
we have documentation of the date mailed and date received), copies of specifications, drawings and claims accompanied 
by the corresponding inventor's declarations with a request that his client execute the declarations. We can expect that 
May will once again refuse to sign the declarations, but at least he will not be able to continue to argue that he was not 
presented with all of the application papers for his review prior to signing the declarations. 

Thus, we will be sending to you later this week, via e-mail, copies of the relevant documents for each of the matters we are 
handling. You and the others have previously received some of the documents in various e-mails over the last 10 months 
(starting with the declarations and assignment documents back in November 2004); however, we have consolidated 
everything together in a single .PDF file to make things easier to handle on your end. 



Best regards, 

Brian Wm. Higgins, Esq.* 



l 



Blank Rome LLP 
Watergate 

600 New Hampshire Ave., N.W. 
Washington, D.C. 20037 

Phone: (202)772-5814 
Direct Fax: (202)572-1458 
Practice Group Fax: (202) 572-8398 

Web: < http://www.blankrome.com/> 

* Admitted to practice in the U.S. Patent & Trademark Office and Maryland only. Practice limited to matters and 
proceedings before federal courts and agencies. 
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EXHIBIT 5 



Attorney Docket: 119508-00282 
DECLARATION FOR PATENT APPLICATION AND POWER OF ATTORNEY 



amed inventor, I hereby declare that: 
My residence, mailing address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention 
entitled: TORQUE SIGNAL TRANSMISSION 
the specification of which 

□ is attached hereto 

£3 was filed on September 24, 2003 as United States Application Number or PCT International 
Application Number PCT/EP03/1 0634 and (if applicable) was amended on 



I hereby authorize our attorneys to insert the serial number assigned to this application. 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, 
as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR §1 .56. 

I hereby claim foreign priority benefits under 35 U.S.C. §119(a)-(d) or § 365(b) of any foreign appiication(s) for patent or 
inventor's certificate, or §365(a) of any PCT International application which designated at least one country other than the 
United States, listed below and have also identified below, by checking the box, any foreign application for patent or 
inventor's certificate, or PCT International application having a filing date before that of the application on which priority is 
claimed. 



PRIOR FOREIGN/PCT APPLICATION(S) AND ANY PRIORITY CLAIMS UNDER 35 USC §119 


APPLICATION NO. 


COUNTRY 


DAY/MONTH/YEAR FILED 


PRIORITY CLAIMED 



















I hereby claim the benefit under 35 U.S.C. §11 9(e) of any United States provisional application(s) listed below. 



PROVISIONAL APPLICATION(S) UNDER 35 U.S.C. §1 19(e) 


APPLICATION NUMBER 


FILING DATE 







I hereby claim the benefit under 35 U.S.C. §120 of any United States application, or §365(c) of any PCT International 
application designating the United States, listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT International application in the manner provided by the first 
paragraph of 35 U.S.C. §112. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR §1 .56 which became 
available between the filing date of the prior application and the national or PCT International filing date of this application. 



PRIOR U.S./PCT INTERNATIONAL APPLICATION(S) DESIGNATED FOR BENEFIT UNDER 35 U.S.C. §120 


APPLICATION NO. 


FILING DATE 


STATUS — PATENTED, PENDING, ABANDONED 









I hereby appoint the following attorney(s) and/or agent(s) to prosecute this application and to transact all business in the 
Patent and Trademark Office connected herewith: Victor M. Wigman, Reg. No. 25,201; George C. Myers, Jr., 
Reg. No. 27,040; Donald R. Greene, Reg. No. 22,470; Michael C. Greenbaum, Reg. No. 28,419; Charles R. Wolfe, Jr., 
Reg. No. 28,680; Michael D. White, Reg. No. 32,795; Brian C. Jones, Reg. No. 37,857; David J. Edmondson, 
Reg. No. 35,126; Denise C. Lane, Reg. No. 42,780; Peter Weissman, Reg. No. 40,220; Brian WM. Higgins, Reg. No. 
48,443; Minh-Quan K. Pham, Reg. No. 50,594; Thomas L. Willis, Jr., Reg. No. 53,778; and Tara L. Hoffman, Reg. No. 
46,510. 



Correspondence Address: 

Blank Rome LLP 
600 New Hampshire Avenue, N.W. 
Washington, DC 20037 
TEL (202) 772-5800 FAX (202) 572-8398 
Customer No: 27557 
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I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
Information and belief are believed to be true; and further that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, or both, under section 1001 of Title 18 of 
the United States Code, and that such willful false statements may jeopardize the validity of the application or any patent 



issued thereon. 


Full Name of sole or first inventor (given name, family name): 


Lutz Axel MAY 




Signature: 


Date: 


Residence: 


Citizenship: 


Wolfratshauser Strasse 23a, 82538 Gelting, 
GERMANY 


German 


Mailing Address: Same as residence. 



Full Name of additional joint inventor (given name, family name): 


Signature: 


Date 


Residence: 


Citizenship: 


Mailing Address: Same as residence. 



Full Name of additional joint inventor (given name, family name): 


Signature: 


Date: 


Residence: 


Citizenship: 


Mailing Address: Same as residence. 



Full Name of additional joint inventor (given name, family name): 


Signature: 


Date: 


Residence: 


Citizenship: 


Mailing Address: Same as residence. 



Full Name of additional joint inventor (given name, family name): 


Signature: 


Date: 


Residence: 


Citizenship: 


Mailing Address: Same as residence. 



□ Additional joint inventors are named on separately numbered sheets attached hereto. 
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Attorney Docket: 119508-00282 

ASSIGNMENT 

THIS ASSIGNMENT, made on the date set forth below by Lutz Axel May, a German 
citizen, residing at Wolfratshauser Strasse 23a, Geretsried, 82538, Germany, hereinafter referred 
to as Assignor, witnesseth: 

WHEREAS, said ASSIGNOR has invented certain new and useful improvements in 
TORQUE SIGNAL TRANSMISSION set forth in an International Application filed on 
September 24, 2003, in the office of the International examining authority and accorded 
A pplication No. PCT/EP03/10634 , and set forth in a corresponding British application, 

WHEREAS Abas, Inc., a Delaware corporation having a principal place of business at 
7401 W. Wilson Avenue, Chicago, Illinois 60706, is desirous of acquiring the entire right, title 
and interest in and to said invention as set forth in said patent applications in the United States 
and around the world; 

NOW, THEREFORE, for good and valuable consideration, receipt of which is hereby 
acknowledged, Assignor, by these presents does sell, assign, and transfer unto said Assignee, 
the entire right, title, and interest in and to the above-mentioned invention, said patent 
application for Letters Patent, and any and all Letters Patent or Patents in the United States of 
America and all foreign countries which may be granted therefor and thereon, and in and to any 
and all divisions, continuations, and continuations-in-part of said application, or reissues or 
extensions of said Letters Patent or Patents, and all rights under the International Convention for 
the Protection of Industrial Property, the same to be held and enjoyed by the said Assignee, for 
its own use and behoof and the use and behoof of its successors, legal representatives and 
assigns, to the full end of the term or terms for which Letters Patent or Patents may be granted, 
as fully and entirely as the same would have been held and enjoyed by the Assignor, had this 
assignment not been made. 

ALSO, Assignor hereby agrees to execute any documents that legally may be required 
in connection with the filing, prosecution and maintenance of said application or any other patent 
application(s) or inventor certificate(s) in the United States and in foreign countries for said 
Letters Patent, including additional documents that may be reasonably required to affirm the 
rights of ASSIGNEE in and to said invention and Letters Patent, all without further consideration. 
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Assignor also agrees, without further consideration and at Assignee's expense, to identify and 
communicate to Assignee at Assignee's reasonable request documents and information 
concerning the invention that are within Assignor's possession or control, and to provide further 
assurances and testimony on behalf of ASSIGNEE that lawfully may be required of ASSIGNOR in 
respect of the prosecution, maintenance and defense of any patent application or patent 
encompassed within the terms of this instrument. ASSIGNOR'S obligations under this instrument 
shall extend to Assignor's heirs, executors, administrators and other legal representatives. 

ALSO, ASSIGNOR hereby authorizes and requests that the examination authority in any 
and all states to issue any and all Letters Patents or Patents referred to above to Assignee, as the 
Assignee of the entire right, title and interest in and to the same, for Assignee's sole use and 
behoof; and for the use and behoof of Assignee's legal representatives and successors, to the full 
end of the term for which such Letters Patent or Patents may be granted, as fully and entirely as 
the same would have been held by ASSIGNOR had this assignment not been made. 

ALSO, ASSIGNOR authorizes any member of the firm of Blank Rome LLP to insert or 
complete any information in this document needed to effect its recordal in the U.S. Patent & 
Trademark Office. 

Effective this day of [month], in the year . 

Lutz A. May 



[Signature] 
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The foregoing instrument was subscribed and sworn before me this day of 

, 2004, by Lutz A. May. 



Notary Public 

My Commission Expires: 
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TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 



ATTORNEY'S DOCKET NUMBER 

119508-00282 



U.S. APPLICATION NO. ftf known, see 37 CFR 1.5) 
Not yet assigned 



INTERNATIONAL APPLICATION NO. 
PCT/EP03/10634 



INTERNATIONAL FILING DATE 
September 24. 2003 



PRIORITY DATE CLAIMED 

September 25, 2002 



TITLE OF INVENTION 



TORQUE SIGNAL TRANSMISSION 



APPLICANT(S) FOR DO/EO/US Lutz ^ may 



Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the followng Items and other information: 

1 . H This is a FIRST submission of items concerning a filing under 35 U.S.C. 371 . 

2. □ This Is a SECOND or SUBSEQUENT submission of Items concerning a filing under 35 U.S.C. 371. 

3. G3 This is an express request to begin national examination procedures (35 U.S.C. 371(f))- The submission must include items (5), (6), (9) and 
(21) indicated below. 

4 . □ The US has been elected (Article 31 ). 

5. El A copy of the International Application as filed (35 U.S.C. 371 (cX2)) 

a. □ is attached hereto (required only if not communicated by the International Bureau). 

b. □ has been communicated by the International Bureau. 

c. □ is not required, as the application was filed In the United States Receiving Office (RO/US). 
§, H An English language translation of the International Application as filed (35 U.S.C. 371 (cX2)). 

a. H Is attached hereto. 

b. □ Has been previously submitted under 35 U.S.C. 154(d)(4). 

G3 Amendments to the claims of the International Application under PCT Article 19 (35 U.S,C. 371 (c)(3)) 

a. □ are attached hereto (required only if not communicated by the International Bureau). 

b. □ have been communicated by the International Bureau. 

c. □ have not been made: however, the time limit for making such amendments has NOT expired. 

d. H have not been made and will not be made. 
B. □ An English language translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)), 

9. B An oath or declaration of the inventors) (35 U.S.C. 371(cX4)). 

1 0. □ An English language translation of the annexes of the International Preliminary Examination Report under PCT Article 36 (35 U.S.C. 

371(cH5)). 

Items 11 to 20 below concern document(s) or information included: 

1 1 . B An Information Disclosure Statement under 37 CFR 1.97 and 1.98 

12. E3 An assignment document for reconJtng. A separate cover sheet in compfiance with 37 CFR 3.28 and 3.31 is included. 

1 3. El A preliminary amendment 

14. □ An Application Data Sheet under 37 CFR 1.76. 

1 5. □ A substitute specification. 

1 6. □ A power of attorney and/or change of address letter. 

17. □ A computer readable form of the sequence listing In accordance with PCT Rule 13ter.2 and 37 CFR 1.821 - 1 .825. 

18. □ A second copy of the published international application under 35 U.S.C. 154(d)(4). 

1 9. □ A second copy of the English language translation of the International application under 35 U.S.C. 1 54(d)(4) 

20. H Other items or information: Form PTO-1449 and references 



This collection of information Is required by 37 CFR 1.414 and 1.49VM9Z Trie Wonrefen is required to obtain or retain a benefit by the pubfic, which is to fife (and by the 
USPTO to process) an application. Confidentiality is governed by 35 US.C. 122 and 37 CFR 1.11 and 1.14. This collection Is estimated to take 15 minutes to complete, 
including garnering information, preparing and submitting the completed form to the USPTO. Time wiD vary copending upon the individual rase. A^ comrr«ntsofi t^ 
amount oftime yoL require to complete this form and/or suggestions for reducing this burden, should besenUo ^^J^^^^'a^^^ r^dTo 
Office. U.S. Department of Commerce, P.O. Box 1450. Alexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO. 
Mall Stop PCT, Commissioner for Patents, P.O. Box 1450. Alexandria, VA 22313-1450. 
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PTCM390(Rev. 02-2005) 
Approved for use through 3/31/2007. OMB 0651-0021 
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Reduction Ad of 1995, no persons are required to respond to a coBection of information unless displays a valid OMB control number 



U.S. APPLICATION NO. (if known, see 37 CFR 1.5) 
Not yet received 



INTERNATIONAL APPLICATION NO. 
PCT/EP20 03/010634 



The following fees have been submitted 
21. S Basic national fee 



.$300 



ATTORNEY'S DOCKET NO. 
H9508-00282 



CALCULATIONS PTO USE ONLY 



$300 



22. □ Examination fee 

If International preliminary examination report prepared by USPTO and an claims satisfy provisions of PCT Article 

330M4) 2~ 

All other situations *200 



$200 



23. □ Search fee 

Search fee (37 CFR 1 .445(a)(2)) has been paid on the international application to the USPTO as an International 

Searching Authority $100 

International Search Report prepared and provided to the Office $400 

All other situations *500 



$500 



TOTAL OF 21, 22 and 23 ■ 



$1,000 



□ Additional fee for specification and drawings filed in paper over 100 sheets (excluding sequence listing or 
computer program feting filed In an electronic medium). The fee is $250 for each additional 50 sheets of paper 
or fraction thereof. 



Total Sheets 



-100 = 



Extra Sheets 



/50 = 



Number of each additional 50 or fraction thereof 
(round up to a whole number) 



RATE 



x$2S0 



Surcharge of $130.00 for furnishing the oath or declaration later than 30 

mrtrthu fmm fh» aoriioe* HoimoH rvvsrHv Hote tX7 f^PP 1 AQ?fM\ 



CLAIMS 



Total Claims 



NUMBER FILED 



16 



•20 = 



NUMBER EXTRA 



RATE 



$50 



Independent Claims 



3 = 



$200 



$200 



MULTIPLE DEPENDENT CLAIM(S) (If applicable) 



+ $360 



TOTAL OF ABOVE CALCULATIONS ' 



$1,200 



□ Applicant claims small entity status. See 37 CFR 1.27. Fees above are reduced by 1/2. 



SUBTOTAL * 



$1,200 



Processing fee of $130.00 for furnishing the English translation later than 30 months from the earliest claimed 
priority date (37 CFR 1 .492(i)). + 



TOTAL NATIONAL FEE » 



$1,200 



Fee for recording the enclosed assignment (37 CFR 1.21 (h)). The assignment must be accompanied by an 
appropriate cover sheet (37 CFR 328,3.31 ). $40.00 per property + 



$ 40 



TOTAL FEES ENCLOSED =» $1,240 



Amount to be 
refunded; 



Amount to be 
charged: 



a. EJ A check in the amount of $ 1 ,240.00 to cover the above fees is enclosed. 

b. □ Please charge my Deposit Account No. 23-2185 in the amount of $ to cover the above fees. A duplicate copy of this sheet is enclosed. 

c. B The Commissioner Is hereby authorized to charge any additional fees which may be required, or credit any overpayment to Deposit Account No. 



23-21 85. A duplicate copy of this sheet is enclosed. 

NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not 
granted to restore the international application to pending status. 



'1 .137(a) or (b)) must be tiled and 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re patent application of 
Lutz Axel MAY 
Serial No. TBD 
Filed: March 25, 2005 

For: TORQUE SIGNAL TRANSMISSION 



Group Art Unit: TBD 
Confirmation No. TBD 
Examiner: TBD 
Atty.Dkt.No.: 119508-00282 



PRELIMINARY AMENDMENT 



Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 223 13-1450 

Sir: 

Kindly enter this Preliminary Amendment in the record prior to examination of the 
claims on the merits. This paper includes the following sections: 

(1) Amendments to the claims, which are shown in the listing of claims that 
begins on page 3 of this paper; 

(2) Amendments to the specification, which begins on page 7 of this paper; and 

(3) Remarks, which begin on page 8 of this paper. 

If a Petition for extension of time is require to render this submission timely and 
either is not filed concurrently herewith or does not suffice to render this submission timely, 
the Applicant hereby petitions under 37 C.F.R. §1.1 36(a) for such an extension for as many 
months as are required to render this submission timely. Any fees due in connection with 
said Petition are authorized. Please charge any deficiency in fees, or credit any overpayment 
thereof, to BLANK ROME LLP, Deposit Account No. 23-2185 (Ref. No. 1 19508-00282). 
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Washington, DC 20037 
Telephone: 202-772-5800 



Date: 
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Ob 




Charles R. Wolfe, Jr. 
Registration No. 28,6^ 
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U.S. Patent Application No. TBD 
Any. Docket No. 1 19508-00282 



AMENDMENTS TO CLAIMS 



Listing of Claims: 



Claim 1 (Currently amended): A torque transducer comprising: 
a shaft subject to torque about a longitudinal axis; 
a transducer element integral with or carried by the shaft and remanently 



magnetis e d magnetized to emanate a component of magnetic field that is dependent on torque 
applied about said axis, 

a sensor coil disposed about said element to generate a voltage/current in 
response to changes in said component, 

a load connected to said sensor coil to enable a current to circulate in 10 the 
sensor coil; and 

a receiver unit remote from said coil and responsive to a field emanated by 
said sensor coil to generate a torque-dependent signal 

Claim 2 (Original): A torque transducer as claimed in Claim 1 in which said receiver 
unit comprises a coil- , profombly wound on a mognctio ooro . 

Claim 3 (Original): A torque transducer as claimed in Claim 1 in which the receiver 
unit coil is wound on a ferrite core. 

Claim 4 (Currently amended): A torque transducer as claimed in Claim 1,2 or 3 
Claim 1 in which said load comprises a capacitor connected across said sensor coil to 
enhance a field component emanated thereby. 

Claim 5 (Currently amended): A torque transducer as claimed in any preceding oloim 
Claim 1 in which said transducer element comprises a region integral with said shaft and 
remanently magn e tis e d magnetized with an annulus of longitudinal magnetisation 
magnetization (axially-directed magn e tisation magnetization) which exhibits profile shift, 
and said sensor coil comprises two spaced coil sections which are aligned with respective 
response maxima and are connected such that the voltages induced therein are summed. 
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Claim 6 (Currently Amended): A torque transducer system comprises a torque 
transducer which is as claimed in any ono of Claims 1 to 5, and Claim 1 wherein said shaft is 
coupled to or is a part of a source of a torque pulse, such as a power torque tool. 

Claim 7 (Original): A torque transducer assembly comprising: 
a housing having an opening therethrough; 

a torque transmission shaft extending in said opening and rotatable about an 
axis extending through said opening, said shaft having respective end portions accessible 
from exteriorly of said housmg, 

a torque transducer element integral with, or carried by, said shaft to emanate 
a magnetic field dependent on the torque in the shaft, 

a coil coaxial with said element and adjacent thereto; and for sensing the 
torque-dependent field, 

a load, preferably a capacitative load, connected across the coil to enable 
current to circulate therethrough for emanating a field externally of the assembly that is 
dependent on changes in torque in the shaft. 

Claim 8 (Original): A torque transducer assembly as claimed in Claim 7 in which one 
end portion of said shaft projects exteriorly of said housing and provides an output portion of 
the shaft. 

Claim 9 (Currently Amended): A torque transducer assembly as claimed in Claim 7 
er-8 in which said housing is configured to enable it to be secured against rotation. 

Claim 10 (Original): A torque transducer assembly as claimed in Claim 9 further 
comprising a member having a first portion engaged with the housing and second portion 
engageable with the body of a power torque tool to secure the housing against rotation with 
respect to said body. 
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Claim 1 1 (Currently Amended): A torque transducer comprising: 

a shaft subject to torque about a longitudinal axis; 

a transducer element integral with or carried by the shaft and remanently 
magnetised mapietized to emanate a component of magnetic field that is dependent on torque 
applied about said axis, 

a sensor coil disposed about said element to generate a voltage/current in 
response to changes in said component, 

a power supply unit comprising a rectifier arrangement connected to said 
sensor coil to derive a unipolar electrical supply from changes of torque sensed by said sensor 
coil; and 

signalling means responsive to voltage/current signals in said sensor coil to 
transmit the signals in a wire-less manner for remote detection, said signalling means being 
powered by said electrical supply. 

Claim 12 (Currently Amended): A torque transducer as claimed in Claim 1 1 in which 
said transducer element comprises a. region integral with said shaft and remanently 
magnetised magnetized with an annulus of longitudinal magnetisation magnetization (axially- 
directed magn e tisation magnetization) which exhibits profile shift, and said sensor coil 
comprises two spaced coil sections which are aligned with respective response maxima and 
are connected such that the voltages induced therein are summed. 

Claim 13 (Currently Amended): A torque transducer comprising: 

a shaft subject to torque about a longitudinal axis; 

a transducer element integral with or carried by the shaft and remanently 
magnetised magnetized to emanate a component of magnetic field that is dependent on torque 
applied about said axis, 

a sensor coil disposed about said element to generate a voltage/cunent in 
response to changes in said component, 

a power supply unit comprising a rectifier arrangement connected to said 
sensor coil to derive a unipolar electrical supply from changes of torque sensed by said sensor 
coil; 
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a sensor arrangement responsive to said torque-dependent magnetic 
field component to provide a torque-dependent signal; and 

Gignalling signaling means responsive to a torque-dependent signal to transmit 
the signal in a wire-less manner for remote detection, said signalling signalinR means and, if 
appropriate, said sensor arrangement being powered by said electrical supply. 

Claim 14 (Currently amended): A torque transducer system comprises a torque 
transducer which is as claimed in Claim 11, 12 or 13, and Claim 1 1 wherein said shaft is 
coupled to or is a part of a source of a torque pulse, such as a power torque tool. 

Claim 1 5 (New): A torque transducer system comprises a torque transducer which is 
as claimed in Claim 13 wherein said shaft is coupled to or is a part of a source of a torque 
pulse, such as a power torque tool. 

Claim 1 6 (New): A torque transducer as claimed in Claim 1 in which said receiver 
unit comprises a coil and wherein said coil is wound on a magnetic core. 



119508.00282/3566953*1 



6 



U.S. Patent Application No. TBD 
Atty. Docket Wo. J 19508-00282 

AMENDMENTS TO THE SPECIFICATION 

Please insert the following Abstract at the end of the specification and claims: 

ABSTRACT 

The present invention relates to a torque transducer with a shaft subject to torque 
about a longitudinal axis. It also relates to a transducer element integral with or carried by 
the shaftand remanently magnetised to emanate a component of mangetic field that is 
dependent on torque applied about said axis. A sensor coil is disposed about said element to 
generate a voltage/current in response to changes in said component. A load is connected to 
said sensor coil to enable a cuiTent circulate in the sensor and a receiver unit remote from said 
coil and responsive to a field emanated by said sensor coil to generate a torque-dependent 
signal. 
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REMARKS 

This Preliminary Amendment is being filed in conjunction with a national stage patent 
application stemming from an international application. The claims submitted herewith have 
been amended to remove the multiple dependencies that were present in the claims of the 
international application, as well as to conform to PTO patent practice rules as necessary, and 
to amend certain claim terms such as Magnetisation" (i.e., with an "s") to read 
"magnetization" (i.e., with a "z"). No new matter has been introduced. 
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Title: Torque Signal Transmission 



FIELD OF THE INVENTION 

This invention is concerned with a method of and apparatus for the sensing of 
5 torque and the transmission of a torque-dependent signal to a remote 
.measurement apparatus by a wireless technique. In this content, wireless 
transmission means signal transmission without the need of a cable or other 
like physical connection. 

The invention finds particular utility in a torque-generating system in which the 
10 torque is generated as pulses of torque. An example of such pulse torque 
generation is in power fastening tools for fastening or tightening nuts onto 
bolts or studs for example. Power fastening tools find application in many 
industries, a major one of which is automobile assembly. 

BACKGROUND TO THE INVENTION 

15 The measurement of torque applied to a fastening, such as a nut and bolt, 
has long presented problems in determining the point at which a desired 
torque value is achieved when using pulse-type power torque tools. Among 
the techniques developed for measuring pulsed torque are those based on 
magnetic transducer technology in which a magnetised transducer is 

20 incorporated in or coupled to a torque transmission shaft in a power tool and a 
torque-dependent magnetic field component is sensed by a non-contact 
sensor arrangement to develop a torque-representing signal which is 
transmitted by an electrical connection to signal-processing circuit. The 
complete torque measuring assembly can be mounted in the tool. An 

25 alternative is to transmit a torque-dependent signal from the tool to a remote 
signal processing circuit as by a cable or wire connection. Even if the signal 
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were to be transmitted by a wireless connection, e.g. an infra-red link, it is 
necessary to provide power to the tool end of the link. 

There would be considerable benefit in a torque sensor with remote signalling 
to a processor which did not require electrical power to be provided in 
5 association with the sensor. A torque sensor of this kind would be of 
particular value applied in a power torque tool adaptor of the kind described in 
British patent application GB 0219745.7 filed 23 ri August 2002 which is 
incorporated herein by reference and to which further reference will be made 
below. 

10 The application of magnetic transducer technology for torque measurement in 
a power impact tool Is disclosed in U.S. patent 6 311 786 and in its published 
continuation application US 2002/0020538 in which torque measurement and 
control Is contained within the tool. The torque transducer uses a 
ferromagnetic sensor and specifically discloses a magneto-elastic ring 

15 coupled to the output shaft of the tool. An impact tool control method and 
apparatus Is described in International patent application publication 
WO01/44776. The control system uses a magneto-elastic torque transducer 
mounted exteriorly of the tool in which the magneto-elastic transducer 
element is an integral portion of a shaft through which torque is transmitted. 

20 This document also discloses the implementation of the control system as a 
retrofit system for use in controlling an existing impact tool. The magnetic 
field generated by the transducer element is detected by a detector which can 
be a coil of wire circumferentially arranged around the transducer or other 
device. The coil is connected into the input of an integrator in a signal 

25 processing circuit 

The PCT patent application PCT/EP02/06960 filed 24 th June 2002, the 
disclosure of which is incorporated herein by reference, discloses the control 
of a pulsed torque tool using a magnetic-based torque transducer which has a 



WO 2004/029569 



PCT/EP2003/010634 



3 

transducer element or region integral with the output shaft of the tool. The 
control apparatus including the transducer is disposed interiorly of the power 
torque tool 

Above-mentioned application GB 0219745,7 describes an adaptor attachable 
5 to a conventional power torque tool of the pulsed-type whereby torque 
measurement and control can be exercised on the tool. In GB 0219745.7 the 
adaptor is connected to a unit containing external circuitry by a cable. It may 
be coupled by a wire-less link, e.g. an IR link, to transmit a torque-dependent 
signal to the external unit but in that case, the adaptor requires electrical 
1 0 power for its operation. 

SUMMARY OF THE INVENTION 

One aspect of the present invention is based on the concept of transmitting a 
torque-dependent signal to a remote unit by means of an emanated field. In 
particular it is applied to modify an adaptor of the kind described in GB 
15 0219745.7 so that the adaptor is active in the sense of being magnetically 
active to generate the torque-dependent signal but is passive in the sense of 
not requiring a source of electrical power. 

Another aspect of the invention is based on the concept of deriving an 
electrical power supply from torque pulses to power a signalling system for 
transmission to a remote unit and, if appropriate, to power a sensor 
arrangement. 

Aspects and features of the present invention are set forth in the claims 
following this description. 

The invention and its practice will be further described with reference to an 
embodiment illustrated in the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates an adaptor for fitting to a power torque tool to transmit a 
torque-dependent signal in accord with the present invention; 

Fig. 2 illustrates the internal construction of an adaptor based on that 
5 disclosed in GB 0219745.7 

Fig. 3 shows a shaft with an integral magnetised transducer region and a 
sensor coil; 

Fig. 4 is a response curve as a function of the axial position of the sensor coil 
for a transducer region having profite-shrft longitudinal magnetisation; 

10 Fig. 5 shows the connection of the arrangement of Fig. 3 with a power supply 
and signal transmission circuit, ail energised by sensed torque pulses; 

Fig. 6 shows a modification of the arrangement of Fig. 3 to use a capacitative 
load; 

Fig. 6a shows the circuit used to investigate the "resonance" effect of a 
15 capacitative load; 

Figs..7a to 7c are response curves to pulse torques of lower, medium and 
higher torque respectively using the circuit of Fig. 6a; 

Fig. 8 shows a simplified illustration of a torque adapator to which a coil 
sensor is applied; 

20 Fig. 9 is a preferred coil arrangement for use with the response curve of Fig. 4 
and 

Fig. 9a is the preferred connection of the two coil sections of the coil 
arrangement of Fig. 9. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 shows a conventional power torque tool 10, such as an impact-type 
fastening tool which provides torque pulses at an output shaft 12. The tool 
may also be of the type in which pulses are generated by controlled actuation 
5 of a piston and cylinder mechanism. The too) illustrated is powered by 
compressed air through line 14. It is conventional to fit a load-engaging 
qdaptor on the end 12a of the shaft 12 distal the power tool for transmitting 
torque to the load, e.g. a nut or bolt head. Such an adaptor is exemplified in 
PCT/EP02/06960. The adaptor is a passive mechanical article for 
10 transmitting torque from the shaft to the load. As above-mentioned in the 
system described in PCT/EP02/06960, torque measurement and control is 
performed within the tool body 10. . 

In the illustrated embodiment of the present invention a torque sensor adaptor 
20 is provided to enable torque measurement and control to be exercised on 

15 a conventional pulsed torque tool not containing such provision. The adaptor 
20 couples to the tool output shaft at one end and receives a conventional 
passive adaptor for engaging a load at the other end. The adaptor 
incorporates a torque transducer arrangement using a magnetic-based torque 
transducer element The adaptor 20 can be characterised as an active 

20 device in contrast to prior passive devices. However, as will become clear 
hereinafter, the adaptor is magnetically active as regards torque sensing but 
is passive in the sense of requiring no electrical power supply for operation. 
The adaptor 20 emanates a field carrying a torque-dependent signal as 
indicated by arrow 50 which is received by a remote receiver unit 52. Unit 52 

25 is connected by cable connection 22 to a signal processing and controller unit 
30 which in turn supplies a shut-off signal over cable connection 32 to an air- 
valve unit 40 acting in line 14. The unit 30 may include a display 34, e.g. an 
LCD display, for displaying relevant parameters on a manually actuable key 
pad 36 for entering control instructions and data to a programmed 
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microprocessor (not shown) housed in unit 30. The unit 30 can be mounted 
or carried so as to be free of the vibration generated in operation of the tool 
10. The receiver unit 52 may be included within unit 30. As schematically 
illustrated by chain lines 24 the adaptor 20 has a body portion 26 which is 
5 securable or attachable to the body of the power tool 10 as will be described 
below. The adaptor has a torque transmitting shaft extending through the 
body and having an output end 28. 

* • 

Fig. 2 shows one form of construction for the adaptor 20 which is constructed 
to transmit torque about an axis A-A. It is a general aim of the construction to 
10 keep the axial length of the torque transmitting shaft as short as possible. 
The adaptor has a housing 26 with an internal circular bore 27 in which is 
mounted a torque transmitting transducer assembly 60 rotatable within the 
housing 26 about central axis A-A 

The assembly 60 has a shaft portion 62 disposed between an input portion 64 
15 and an output portion 66 providing the output end 28 of Fig. 1 . The input and 
output roles are reversible but the shaft portions 62 and 64 are shaped in 
accord with usual power tool practice. The input portion 64 is configured for 
engagement with the shaft 12 of tool 10. It is of larger diameter than the 
shaft portion 62 and includes an axial blind bore 68 configured to fit on the 
20 distarend 1 2a of the tool output shaft 12. For example, if the tool output shaft 
is of a square cross-section, the bore 68 is of a matching square section. 
The output portion 66 is shown in this embodiment as a square cross-section 
shaft similar to the output shaft 12 of the power tool and to which a passive 
load-engaging adaptor can be fitted. It will be understood that the input and 
25 output, portions of the assembly 60 can be configured as required by the tool 
and the toad adaptor respectively; or the output portion 66 could be 
configured for direct engagement with the load. 
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The shaft portion 62 is of circular cross-section and is radially-spaced from the 
adjacent inner surface of housing 26. Shaft portion 62 is magnetised at 70 to 
provide a torque-sensitive transducer element or region which emanates a 
torque-dependent magnetic field which is sensed by a sensor arrangement to 
5 be described and not shown in Fig. 2. 

The region 70 is a region of stored magnetisation. That is, it is remanently 
magnetised to store a permanent magnetisation. Preferably the 
magnetisation is an annulus of longitudinal magnetisation about axis A-A. 
the longitudinal magnetisation is in the direction of axis A-A, e.g. as illustrated 

10 N-S. The longitudinal magnetisation may be of the kind known as 
circumferential sensing as disclosed in WO01/13081 or, preferably, of the kind 
known as profile-shift (axial or radial sensing) as disclosed in WO0 1/79801. 
Another torque measuring technique which does not require a region of stored 
magnetisation is that disclosed in British patent application GB 0204213.3 

15 filed 22 nd February, 2002. In this technique the transducer element is not a 
previously magnetised or (encoded) region of the shaft but is a defined region 
in which the torque-sensitive element is established in use. 

Looking at further details of the constructions of the adaptor of Fig. 2, the 
output portion of square cross section includes recess 65 for co-operating with 

20 a standard passive mechanical adaptor. The transducer region 62 is located 
for rotation within the housing by a plain bearing provided by an annular bush 
80 of a plastics material which is bonded to or otherwise secured against 
rotation to a forward (i.e. toward the output end) inside surface 27a of the 
housing 26. The interior diameter of bush 80 is slightly greater than the 

25 diameter of region 62, other than for a forward lip 82 which bears against the 
shaft. 

The rearward end of bush 80 seats against an internal step 27b of housing 26 
and also provides an abutment 84 for axially locating the transducer assembly 
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and specifically a forward surface of the enlarged input portion 64. The input 
portion is sized to rotate freely within a part 26a of the housing of reduced 
internal diameter extending from step 27b to a rearward internal step 27c. 
Step 27c lies adjacent a circumferential groove 67 in the input portion 64. An 

5 annular bushing 86 of a low friction, self-lubricating material is received in the 
groove and engages the interior surface of housing 26 and is axialiy located 
by step 27c. The bushing 86, and therewith the transducer assembly 60 is 
retained in the housing by an intemalty-located press-fit retaining ring 88 at 
the rear of the housing. The housing 26 not only provides mechanical 

10 support and protection but provides a magnetic shield for the transducer 
assembly. It will be understood that the construction illustrated in Fig. 2 is 
diagrammatic in nature. 

One feature of the assembly 60 of Fig. 2 is that the input portion 64 terminates 
at 64a flush with the rearward end 26b of the housing 26 or within the axial 
15 confines of the housing which is in accord with the desire to keep the overall 
length of the active adaptor as small as possible. The square-section bore 
68 for engaging the output shaft of the power tool is contained within the 
housing. The assembly 60 is a push fit into the housing 26 from its rearward 
end. 

20 To perform the function generally indicated at 24 in Fig. 1 of preventing 
rotation of the adaptor housing and to retain the output shaft 12a of the power 
tool engaged within the bore 68, the exterior of housing 26 is adapted to retain 
one end of a stiff helical spring (or more than one such spring) the other end 
of which is retained on the housing of the power tool. The spring, thus 

25 retained, is in an axialiy stretched state (in tension) so that the tension 
maintains the active adaptor engaged with the power tool. It has also been 
found that the flexibility of the retaining spring enables the power tool fitted 
with the active adaptor to accommodate the variations in the angle between 
the torque axis and the load being fastened that occur in practical use of the 
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tool. It will be understood the plain bearing type of rotary support provided by 
bush 80 and bushing 86 could be substituted by other means of bearing 
support. 

The description given so far with reference to Figs. 1 and 2 closely follows the 
5 description of the adaptor disclosed in GB 0219745 J. Attention will now be 
given to the modifications to that design by which the present invention is 
implemented. 

Referring to Fig. 1, in GB 0219745.7 the adaptor 20 is connected directly to 
the processing unit by cable 22. The adaptor houses a magnetic field sensor 

10 arrangement co-acting with a transducer region which is connected via cable 
22 into a signal conditioning circuit in unit 30; or which is connected to a 
signal conditioning circuit within the adaptor which circuit then transmits a 
torque-representing signal to the unit 30 over cable 22. Either way, the 
operation of the sensor devices in adaptor 20 requires electrical power to be 

15 supplied in or to the adaptor. The substitution of a wire-less link, e.g. an infra- 
red ()R) link, for the cable 22 would still require the supply of power in or to the 
adaptor. The foregoing disadvantage can be obviated by the torque sensing 
and signal sending techniques now to be described. The technique is of 
general utility and is not restricted to being applied to the adaptor under 

20 specific consideration. 

Fig. 3 shows a ferromagnetic shaft 100 rotatable about a longitudinal axis A- 
A. An integral portion 70 of the shaft is encoded with a remanent, annular 
magnetisation of the kind referred to a profile-shift as described in above- 
mentioned WO0 1/96826. A single coil is wound closely about the shaft. For 
25 the purposes of the immediate discussion the coil is movable axially with 
respect to the region 70. The coll is terminated in a low value resistor R ( of 
say 270Q. Fig, 4 shows a graph of the voltage across the resistor (current 
induced to circulate in the coil) as a function of the axial position of the coil 
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relative to region 70 when the transducer region is subject to a torque pulse of 
a given value. Current is induced in the coil by the resultant torque- 
dependent change in the magnetic flux distribution acting on the coil. M The 
coil current is proportional to the rate of change of flux during the torque 
5 impulse. By way of example, the encoded region 70 may be 22 mm wide 
and the width of the coil 4-5 mm with the coil having 300 turns or more. 

When a torque pulse is applied to one end shaft 100, it propagates along the 
shaft "winding up" the shaft. There is then a lesser recoil pulse of opposite 
polarity dependent on the elasticity of the shaft material. This phenomenon 
10 will appear in torque pulse graphs described later . 

Reverting to Fig. 4 it win be seen that the voltage across resistor R is at a 
maximum at two points 72a, 72b spaced from the centre-line 74 of the region 
70. The polarity reverses as the coil passes through alignment with the 
centre line and investigation thus far has revealed that the maximum voltages 
15 are achieved when the co8 is aligned with the sweet spots described in 
WO01/96826 with reference to Fig. 30 thereof. 

The voltage/current induced in the coil 110 has two possible functions. The 
first is as a source of electrical energy- That fe the transducer provides a 
mechanical{torque)-to-electrica! energy converter. The second is as a 
20 torque^Jependent signal usable in a subsequent torque measurement and 
control process. Fig. 5 is a diagrammatic illustration of the use of the 
voltage/current induced in the coil for both possibilities. 

In Fig. 5 the coil 110 is connected to a power control unit 1 12 which generates 
a supply voltage V. at terminal 114. The unit 112 may include a rectifier 
25 arrangement, connected across the coil to develop a usable power supply 
voltage from the voltage at the coil terminals. The rectifier arrangement is 
preferably of the full wave bridge type to use excursions of both polarities of 
the coil output voltage. The rectifier arrangement feeds a smoothing 
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capacitor to derive a smoothed unipolar voltage from the rectifier arrangement 
and a low power voltage regulator device may also be employed. The supply 
voltage Vs is used to power the torque signal transmission part of the 
arrangement of Fig. 5. 

5 The torque-dependent signal voltage developed across the coil is applied as 
the input to a signal conditioning circuit 120 which processes the signal to 
generate a torque signal Vr which modulates a transmitter unit 122 to transmit 
the torque-representing signal by any form of wireless connection 50, such as 
light (visible or otherwise), radio, sound, induction etc. 

10 The coil 110 may be tightly wrapped around the region 70 of shaft 100 at an 
axial position at which maximum energy output is generated, e.g. a sweet 
spot as discussed with reference to Fig. 4. Consequently if the coil is to 
rotate with the shaft and if the shaft is to continue to rotate under successive 
torque pulses, it may be necessary to connect the coil to the remainder of the 

15 circuitry through slip rings. Alternatively the coil 110 may be wound 
sufficiently spaced from the shaft to allow the shaft to rotate within a fixed coil. 
The shaft may be a steel of the type mentioned below. 

A presently preferred embodiment of the invention will now be described 
which, makes use of remote signalling but does not require the provision of a 
20 power supply to energise a transmitter device. This implements the second 
function mentioned above. 

It will be noted that the power generating function of the coil 110 could be 
used for powering a magnetic field sensor arrangement using sensor 
devbices such as saturating core inductors, Hall effect devices or 
25 magnetoresistive devices. The torque-dependent signal thereby obtained 
modulates transmitter unit 122 for remote signalling as already described. 
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Fig. 6 is similar to Fig. 3 but shows a capacitor C connected across the coil 
110. The coil may be in the range of 300 to 600 turns on a 15-18 mm 
diameter shaft of FV 250B steel. Other suitable steels are those known under 
the designations S155, SI56 and 14 NiCo14. The steels have to be chosen 
5 for a combination of the mechanical properties required for the torque 
transmission system in which they are employed and their magnetic 
properties for sustaining the transducer region 70 and providing a torque- 
dependent magnetic field component 

It has been found that such a circuit can produce a resonance which causes 
10 the coil 1 1 0 to emanate a field 50, which is detectable at some distance away. 
The resonance may serve to amplify the current generated in the coil. The 
resonance may be at a harmonic frequency related to the pulse period. . The 
radiated field can be detected with the aid of a receiving coil 130 of say 600 
turns wound on a ferrite rod. The signal has, for example, been detected on 
15 a long-wave radio using a ferrite rod aerial, that is a radio tuned in the range 
150-300 kHz. The emanated field from coil 110 has been detected over a 
range of 30 cms up to 1 .5 m. 

This resonance effect has been investigated with the coil circuit shown in Fig. 
6a in which the coil 110 is connected to a resonating capacitor C of 1pF in 

20 series with a resistor R of 270 Q. The voltage across the coil is displayed in 
conjunction with a separate measurement of the torque acting on the 
transducer region. Figs. 7a, 7b and 7c are graphical displays of the detected 
signals for lower, medium and higher torque values respectively. The 
measured torque signal is the upper trace in each case, the voltage Vc across 

25 the coil is the lower trace. The coil voltage polarity is inverted which is an 
artifact of the instrumentation used. 

The torque pulse T shows as a positive going portion T+ followed by a 
negative going portion T- which represents the recoil due to mechanical 
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energy stored in the shaft by the applied torque. The magnitude of the recoil 
pulse T- depends on the amount of rotation of the shaft in response to the 
applied torque and associated energy losses. The "torque pulse" acting on 
coil 110 is in the form of the torque-dependent magnetic flux generated by the 
5 transducer region 70. The coil voltage/current is primarily responsive to the 
rate of change of flux as already noted, that is the rate of change of the torque 
pulse T. It should be said that the precise nature of the torque pulse as 
•applied to fastening a nut and bolt when the two are becoming tight is a 
complex subject. 

10 The coil voltage Vc is in the nature of a double pulse, having two pulses Vi 
and V2 of opposite polarity which relate to the slope of the rising part of the 
applied torque pulse T and the slope, of the relaxation part of the torque pulse 
respectively. It has been found that for torque pulses, the peak height of the 
coil signal is proportional to the amount of torque applied during the torque 

15 pulse. The steepness of the torque pulse slope is dependent on the initial 
pulse as generated, e.g. by a power torque toot, the load acting on the shaft 
and the shaft material, that is the elasticity of the shaft The voltage Vc 
across the coil has been found to be in a range of a few to several hundred 
millivolts which is significant 

20 The teachings given above for both functions mentioned have related to 
investigations with the profile-shift form of longitudinal magnetisation 
described in WO01/96826. However, other magnetisations which produce 
torque-dependent magnetic fields may be treated in a similar way. 
Reference has already been made to circumferential-sensing longitudinal 

25 magnetisation described in WO01/13081 and circumferential or circular 
magnetisation in a magneto-elastic material such as disclosed in U.S. patents 
5 351 555 and 5 465 627 and SAE Technical Paper Series 920707 published 
by the Society of Automotive Engineers under the title "Development of a 
Non-Contact Torque Transducer for Electric Power Steering Systems". 
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Circumferential magnetisation can also be used In an integral portion of a 
shaft As will be decribed below the response obtained with longitudinal 
magnetisation of the kind described in WO01/96826 and on which the 
response of Fig. 4 is founded, can be utilised in a particularly beneficial way 
5 by using a two-coil sensor. 

However, continuing with the single coil sensor so far discussed, its 
application to the adaptor of Figs. 1 and 2 will now be described. Fig. 8 
shows a torque-detecting adaptor for a power torque tool such as illustrated in 
Fig. 2. The earlier description of Fig. 2 did not describe the sensor 

0 arrangement which coacts with transducer region 70. A coil sensor 
arrangement based on the teachings of Figs. 3 and 4 is shown in Fig. 8 in 
which the adaptor is shown in simplified, form. The housing 26, which may be 
of enlarged radial thickness, is provided with an external groove in which the 
coil 1 10 is seated and retained to sense the field emanated by the region 70 

5 of shaft portion 62 (Fig. 2). The coiM 10 is not in contact with the shaft in the 
adaptor which is free to rotate within the coil. The coil should be positioned 
axially at a sweet spot 72a or 72b of Rg. 4. For the coil 110 to coact with 
region 70, the material of housing 26 (and bush 82) should not be of a 
magnetic material so that the coil is property influenced by the field emanated 

0 by region 70. 

An alternative is illustrated in Fig. 2 itself in which the coil indicated as 1 10' is 
embedded within the bush 82. The coil can be positioned radially close to 
transducer region 70 but without actually contacting the region. In order to 
emanate a field from the coil to communicate with the receiver unit 52 of Rg. 
5 1 , the housing 26 should be of a material that does not adversely screen the 
emanated field. The receiver unit 52 employs a coil wound on a ferrite rod as 
described with reference to Fig. 6. 
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To make better use of the response characteristic of Fig. 4, the modification 
shown in Fig. 9 is preferred. The single coO 110 is substituted by two spaced 
coils 110a and 110b, each aligned with a respective sweet spot 72a, 72b. 
The coils are connected as shown in Fig. 9a so that the resultant voltage Vc is 
5 the sum of the magnitudes of the respective coil voltages. By way of 
example, for a region 70 that is 22 mm wide, the sweet spots were found to 
be 14 to 15 mm apart The axial centres of coils 110a, 110b were equally 
-spaced apart, each coil being 4-5 mm long. The signal output voltage can be 
expected to be in the range of 0.5-1 V when using 2 x 300 turn coils on a shaft 
10 of 15-18 mm diameter of FV 250B steel, the coils being terminated in a 
resistor R. 

In accordance with the earlier discussion it is preferred to place a "resonating" 
capacitor, or a series CR combination, across the series connected coils as 
indicated in Fig. 9a. The additional component(s) are part of the adaptor and, 
1 5 for example, could be embedded in bush 82 as well as colls 1 1 0a and 1 1 0b. 

The resultant adaptor is of rugged construction to meet the high vibration 
environment in which it is used and requires the minimum of components. 

One problem arising out of remote signalling is that toe magnitude of a 
receiyed signal will be a function of distance between the transmitter and the 
20 receiver unit The received signal level will be expected to vary as the 
inverse square of the distance. Thus unless the signal receiver is maintained 
at a fixed distance at which a calibration can be made, the magnitude of the 
received signal is not correlated with the torque that is being measured. 

A solution to this problem is to provide the transmitted signal with its own 
25 internal reference. Fig. 10 illustrates one solution. It shows a dual polarity 
pulse output such as is seen in Figures 7a-7c (lower trace) representing the 
coil voltage Vc One of the pulse pair is clipped to a fixed amplitude, as by a 
Schottky diode clipper. This is shown on the second pulse of the pair where 
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the dipping level is indicated at Vl This provides a reference against which 
the amplitude of the first pulse of the pair is measurable. 

A second solution is to use a signal, other than the torque pulse, that is 
generated by the torque pulse source. For example, in impact power torque 
5 tools it has been noticed that the hammer mechanism generates a signature 
torque signal which is separate from the desired torque impulses. This is 
illustrated in Fig. 11 in which the signature signal S of a constant amplitude 
lies between the torque pulses of varying amplitude. This provides the 
reference. 
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Claims 

1 . A torque transducer comprising: 

a shaft subject to torque about a longitudinal axis; 

a transducer element integral with or carried by the shaft and 
5 remanently magnetised to emanate a component of magnetic field that is 
dependent on torque applied about said axis, 

a sensor coil disposed about said element to generate a 
voltage/current in response to changes in said component, 

a load connected to said sensor coil to enable a current to circulate In 
10 the sensor coil; and 

a receiver unit remote from said coil and responsive to a field 
emanated by said sensor coil to generate a torque-dependent signal. 

2. A torque transducer as claimed in Claim 1 in which said receiver unit 
comprises a coil, preferably wound on a magnetic core. 

15 3. A torque transducer as claimed in Claim 1 in which the receiver unit 
coil is wound on a ferrite core. 

4. A torque transducer as claimed in Claim 1, 2 or 3 in which said load 
comprises a capacitor connected across said sensor coil to enhance a field 
component emanated thereby. 

20 5. A torque transducer as claimed in any preceding claim in which said 
transducer element comprises a region integral with said shaft and 
remanently magnetised with an annulus of longitudinal magnetisation (axialiy- 
directed magnetisation) which exhibits profile shift, and said sensor coil 
comprises two spaced coil sections which are aligned with respective 
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response maxima and are connected such that the voltages induced therein 
are summed. 

6. A torque trans_ducer system comprises a torque transducer which is as 
claimed in any one of Claims 1 to 5, and wherein said shaft is coupled to or is 

5 a part of a source of a torque pulse, such as a power torque tool. 

7. A torque transducer assembly comprising: 

a housing having an opening therethrough; 

a torque transmission shaft extending in said opening and rotatable 
about an axis extending through said opening, said shaft having respective 
10 end portions accessible from exteriorly of said housing, 

a torque transducer element integral with, or carried by, said shaft to 
emanate a magnetic field dependent on the torque in the shaft, 

a coil coaxial with said element and adjacent thereto; and for sensing 
the torque-dependent field, 

15 a load, preferably a capacitative load, connected across the coil to 

enable current to circulate therethrough for emanating a field externally of the 
assembly that is dependent on changes in torque in the shaft, 

8. A torque transducer assembly as claimed in Claim 7 in which one end 
portion of said shaft projects exteriorly of said housing and provides an output 

20 portion of the shaft 

9. A torque transducer assembly as claimed in Claim 7 or 8 in which said 
housing is configured to enable it to be secured against rotation. 



10. A torque transducer assembly as claimed in Claim 9 further comprising 
a member having a first portion engaged with the housing and second portion 
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engageable with the body of a power torque tool to secure the housing 
against rotation with respect to said body. 

11. A torque transducer comprising: 

a shaft subject to torque about a longitudinal axis; 

5 a transducer element integral with or carried by the shaft and 

.remanentry magnetised to emanate a component of magnetic field that is 
dependent on torque applied about said axis, 

a sensor coil disposed about said element to generate a 
voltage/current in response to changes in said component, 

10 . a power supply unit comprising a rectifier arrangement connected to 
said sensor coil to derive a unipolar electrical supply from changes of torque 
sensed by said sensor coil; and 

signalling means responsive to voltage/current signals in said sensor 
coil to transmit the signals m a wire-Jess manner for remote detection, said 
1 5 signalling means being powered by said electrical supply. 

12. A torque transducer as claimed in Claim 11 in which said transducer 
element comprises a region integral with said shaft and remanently 
magnetised with an annulus of longitudinal magnetisation (axially-directed 
magnetisation) which exhibits profile shift, and said sensor coil comprises two 

20^ spaced coil sections which are aligned with respective response maxima and 
are connected such that the voltages induced therein are summed. 

13. A torque transducer comprising: 

a shaft subject to torque about a longitudinal axis; 
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a transducer element integral with or carried by the shaft and 
remanently magnetised to emanate a component of magnetic field that is 
dependent on torque applied about said axis, 

a sensor coil disposed about said element to generate a 
5 voltage/current in response to changes in said component, 

a power supply unit comprising a rectifier arrangement connected to 
said sensor coil to derive a unipolar electrical supply from changes of torque 
sensed by said sensor coil; 

a sensor arrangement responsive to said torque-dependent magnetic 
10 field component to provide a torque-dependent signal; and 

signalling means responsive to a torque-dependent signal to transmit 
the signal in a wire-less manner for remote detection, said signalling means 
and, if appropriate, said sensor arrangement being powered by said electrical 
supply. 

15 14. A torque transducer system comprises a torque transducer which is as 
claimed in Claim 11, 12 or 13, and wherein said shaft is coupled to or is a part 
of a source of a torque pulse, such as a power torque tool. 
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near the principal stress directions in the shaft. When 
MAGNETOELASTIC TORQUE TOOL the shaft is subjected to a torque, the mechanical 

CROSS RPFERFNrF Tn bth ATPn stresses attributable to torque resolve into mutually 

lU^tK^Ct TO RELATED perpendicular compressive and tensile stresses which 

APPLICATION 5 cause the permeability in the shaft lo increase in the 

This application is a con tinuation-in-part of U.S. ap- direction of one stress and decrease in the direction of 
plication Ser. No. 938,404. filed December 5, 1986, now the other. As a result, the voltage induced in the pickup 
U.S. Pat. No. 4,760,745. or measuring coils increases or decreases. The differ. 

TPnmnr ai tttci n tncc m magnitude of the induced voltages is propor* 

i c^nni^/vi. r u:lu io tional t0 ^ torsionaJ stress applied to the shaft. A simi- 

Thc present invention relates to torque sensors and, lar approach was taken in U.S. Pat No. 3,01 1340— Da- 
more particularly, to non-contacting magneioclastic hie. The principal shortcoming in these type devices is 
torque transducers for providing a measure of the the need to accomplish permeability sensing along the 
torque applied to a rotary shaft. principal stress directions with its attendant disadvan- 

BACKGROUND ART " to8es ' 45 its scnsitivit y 10 variations in radial dis- 

tance from the shaft, magnetic inhomogeneity around 
In the control of systems having rotating drive shafts, the shaft circumference and non-compensatable depen- 
tt ts generally recognized that torque is a fundamental dence on shaft speed. As a result, devices such as these 
parameter of interest Therefore, the sensing and roea- have only found applications on large diameter shafts, 
swement of torque in an accurate, reliable and mexpen- 20 Le., finches and larger, but have not been found to be 

° f T***^ ******* to "lalter shafts where the vast majority of 

several decades. Although great strides have been applications cast 

made, there remains a compelling need for inexpensive It ^ feJl ^ wmc ^ devices mch „ wcre 

orque sensing devices which arecapaUe ofwmtmuous m Beth and Meeks and U.S. Pat. No. 3,01 l.^DaWe, 

torque measurements over extended periods of time ^ . - : * :, r • 

despite severe environments. wherem the rotating shaft itself acted as the magnetic 

A& ntagnetoeSZ? transducers have two fes, ^Tll^^' ^ * 
tuxes in common~(l) a torqued member which is ferro- Si^^ ^ ? ^"V** 

n«gneticamlinagiietostrictive,t^ metaUurpcal processmg which may have been used to 

existence of magnetic domains and the Utter to allow 30 the deseed mechanical properties to the shaft for 

the orientation of the rnagnetizanon within each domain lt& deared fidd ofusc will, m most cases, not be opti- 
to be ahereo by the stress associated with applied mum or cvcn dearablc for magnetic qualities re- 
torque; and (2) a means, most usually but not necessarily m a «na«n«oelastic torque sensor. The random 

electromagnetic means, for sensing variations from the anisotropy in a shaft created during its manufacture, due 
untorqued distribution of domain orientations. The dif- 33 to "tenia! stresses and/or resulting from regions of 
ferences among the various existing or proposed mag- differing crystal orientation will cause localized varia- 
netoelastm torque transducers be in the detailed varia- tiom ra magnetic permeability of the shaft which 
dons of these common features. will distort the desired correlation between voltage 

It is well known that the permeability of magnetic 5Cn$cd and applied torque. The solution, according to 
materials changes due to applied stress. When a tor- 40 U.S.Pat No. 3,340,729— Scoppe is to rigidly affix, as by 
sional stress is applied to a cylindrical shaft of magneto- welding, a magnetic sleeve to the load-carrying shaft so 
strictive ™»»n*J ; each element in the shaft is subjected that a torsional strain proportional to the torsional load 
to a shearing stress. This shearing stress may be ex- ■* imparted to the sleeve. The measuring device em- 
pressed in terms of a tensile stress and an equal and ployed now senses permeability changes in the rotating 
perpendicular compressive stress with the mngnhnA* of 45 sleeve rather than in the rotating shaft This permits, 
each stress being directly proportional to the distance according to Scoppe, a material to be selected for the 
between the shaft axis and the element The directions shaft which optimizes the mechanical and strength 
of maximum tension and compression occur along tan- properties required for the shaft while a different mate- 
gents to 45* left-handed and 45* right-handed helices ™U may be selected for the sleeve which optimizes its 
about the axis of the shaft The effect of the torque is to 50 magnetic properties. As with prior art devices, the 
increase the magnetic permeability in directions parallel Scoppe torquemeter utilized a primary winding for 
to one of the helices and, correspondingly, to decrease genera t in g a magnetic flux and two secondary wind- 
the magnetic permeability in d irec tion s parallel to the nags, one oriented in the tension direction and the other 
other of the helices. In their article "Magnetic Measure- in the compression direction. Although obviating at 
ments of Torque in a Rotating Shaft*, The Review of 55 least some of the materials problems presented by Da- 
Scientific Instruments, Vol. 25, No, 6, June, 1954, Beth hie, the use of a rigidly affixed sleeve creates other, 
and Meeks suggest that in order to use permeability equally perplexing problems. For example, the task of 
change as a measure of the applied torque, one should fabricating and attaching the sleeve is a formidable one 
monitor permeability along the principal stress direc- and even when the attachment means is welding, which 
tions and pass the magnetic flux through the shaft near 60 eliminates the bond strength problem, there remains the 
its surface. This is because the stress is greater, the fur- very significant problem that the coefficient of thermal 
ther the element is from the shaft axis and it is along the expansion of the steel shaft is different (in some cases up 
principal stress directions that the maximum permeabil- to as much as 50% greater) than the corresponding 
ity change is expected. To accomplish this, Beth and coefficient of any magnetic material selected for the 
Meeks used a yoke carrying a driving cofl for producing 65 sleeve. A high temperature affixing process, such as 
an alternating flux in the shaft and pickup coils on each welding, followed by cooling establishes stresses in the 
of several branches to detect the permeability changes magnetic material which alters the resultant magnetic 
caused by the applied torque in flux paths lying in or anisotropy in an uncontrolled manner. Moreover, an- 
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Dealing the shaft and sleeve to remove these stresses 
also anneals away desirable mechanical properties in the 
shaft and changes the magnetic properties of the sleeve. 
Furthermore, like the Dahle device, the shortcomings 
of Scoppe's transducer, due to its need to monitor per- 
meability changes lying along the principal stress direc- 
tions, are its sensitivity to variations m its radial distance 
from the shaft, magnetic mhomogeuehy around the 
shaft circumference and dependence on shaft speed. 

A different approach to magnetoclastic torque sens- 
ing utilizes the differential magnetic r espo nse of two 
sets of amorphous raagnetodastic elements adhesively 
attached to the torqued shaft This approach has the 
advantage over prior approaches that h is ins en siti ve to 
rotational position and shaft speed. However, it requires 
inordinate care in the preparation and attachment of the 
elements, Moreover, transducer performance is ad* 
versely affected by the methods used to conform the 
ribbon elements to the shape of the torqued member, the 



10 



15 



directions nave been glued to a shaft, see, Mohri, IEEE 
Trans, on Mag., MAG-20, No. 5, 942^*7, 1984, to create 
shape magnetic anisotropy in the ribbons rather than 
magnetic anisotropy due to residual stresses. Other 
recent developments relevant to the use of adhesively 
attached amorphous ribbons in a magnetoeJastk torque 
transducer are disclosed in U.S. Pat No. 
4,414,855— I wasaki and U.S. Pat No. 4,598,595— Vran- 
ish et aL 

More recently, in apparent recognition of the severe 
shortcomings inherent in using adhesively affixed rib- 
bons, plasma spraying and electrodeposition of metals 
over appropriate masking have been utilized. See: 
Yamasaki et al, Torque Sensors Using Wire Explosion 
Magnetostrictive Alloy Layers'*, IEEE Trans, on Mag., 
MAG-22, No. 5, 403-405 (1986>, Sasada et al "Noncon- 
tact Torque Sensors Using Magnetic Heads and Magne- 
tostrictive Layer on the Shaft Surface — Application of 
Plasma Jet Spraying Process", IEEE Trans, on Mag., 



properties of the adhesive, eg, shrinkage during cure, 20 MAG-22, No. 5, 406-408 (1986). 



expansion coefficient, creep with time and temperature 
under sustained load; and, the functional properties of 
the amorphous material itself, e.g., consistency, stabil- 
ity. SnU another concern is in the compatibility of the 
adhesive with the environment in which the transducer : 
is to function, e.g„ the effect of oil, water, or other 
solvents or lubricants on the properties of the adhesive. 

In the article U A New Torque Transducer Using 
Stress Sensitive Amorphous Ribbons", IEEE Trans, on 



The hereinbefore described work with amorphous 
ribbons was not the first appreciation that axiaily 
spaced-apart circumferential bands endowed with sym- 
metrical, helically directed magnetic anisotropy con- 
tributed to an improved torque transducer. USSR Cer- 
tificate No. 667,836 discloses a magnetoclastic torque 
transducer having two axiaily spaced-apart circumfer- 
ential bands on a shaft, the bands being defined by a 
plurality of slots formed in the shaft in a ±45* chevron 



Mag>, MAG-18, No. 6, 1767-9, 1982, Harada et al dis- 30 pattern, and a pair of excitation and measuring coil- 
close a torque transducer formed by gluing two circum- mounting circuinferential bobbins axiaily located along 
ferenual stress-sensitive amorphous ribbons to a shaft at the shaft so that a band underlies each bobbin. The 
axiaily spaced apart locations. Unidirectional magneto- shape an i so tropy created by the slots is the same type of 
elastic magnetic anisotropy is created ia each ribbon by magnetic preconditioning of the shaft as was created, 
torquing the shaft in a first direction before gluing a first 35 for example, by the chevron-patterned amorphous rib- 
ribbon to it, releasing the torque to set-up stresses bons of Sasada et al and the slitted amorphous ribbons 
within the first ribbon, torquing the shaft in the opposite of Mohri, and suffers from many of the same shortconv 
direction, gluing the second ribbon to it, and then re- ings. USSR Certificate No. 838,448 also discloses a 
leasing the torque to set-up stresses within the second magnetoelastic torque transducer having two spaced- 
ribbon. The result is that the anisotropy in one ribbon 40 apart circumferential bands on a shaft, circumferential 



lies along a right-hand hehx at +45" to the shaft axis 
while the anisotropy in the other ribbon lies along an • 
axiaily symmetric left-hand helix at —45* to the shaft 
axis. AC powered excitation coils and sensing coils 
surround the shaft making the transducer circularly 45 
symmetric and inherently free from fluctuation in out- 
pot signal due to rotation of the shaft. In the absence of 
torque, the magnrtizatw n within the two ribbons win 
respond symmetrically to equal axial magnetizing 
forces and the sensing coils will detect no difference m SO 
the response of the ribbons. However, when torque is 
applied, the resulting stress anisotropy along the princi- 
pal axes arising from the torque combines asymmetri- 
cally with the quiescent anisotropics previously created 
in the ribbons and there is then a differing response of 55 
the two ribbons to equal axial magnetizing force. This 
differential r e s po ns e is a function of the torque and the 
sensing coils and assoc i a t ed circuitry provide m output 
signal which is proportional to the applied torque, Uto- 



excitation coils and circumferential measuring coils 
surrounding and overlying the bands. In this transducer 
the bands are formed by creating a knurl in the shaft 
surface with the troughs of the knurl at ±45* angles to 
the shaft axis so that the troughs in one band are orthog- 
onal to the troughs in the other band. The knurls are 
carefully formed by a method which ensures the pres- 
ence of substantial un s tresse d surface sections between 
adjacent troughs so that the magnetic permeability of 
the troughs is different from the magnetic permeability 
of the unstressed areas therebetween. Inasmuch as the 
trough width-to-pitch ratio corresponds to the stressed 
to unstressed area ratio and the desired ratio appears to 
be 0.3, there is no circumferentia] region in either band 
which a intentionally stressed over more than 30% of 
its circumferentia] length This very minimal stress ani- 
sotropic preconditioning is believed to be too small to 
provide a consistent transducer sensitivity, as measured 
by the electronic signal output of the measuring coils 



lizing substantially the same approach, in Japanese pa- 60 and their associated circuitry, for economical comm ex- 



tent publication No. 58-9034, two amorphous ribbons 
are glued to a shaft and symmetrical magnetic anisot- 
ropy is given to the ribbons by heat treatment in a mag- 
netic held at predetermined equal and opposite angles. 
Amorphous ribbons have also been glued to a shaft in a 65 
±45* chevron pattern, see Sasada et al, IEEE Trans, 
on Ma*, MAG-20, No. 5, 951-53, 1984, and amorphous 
ribbons containing parallel slits aligned with the ±45* 



cial utilization. 

Notwithstanding their many shortcomings in forming 
sensitive and practical bands of magnetic anisotropy on 
a torqued shaft, the efforts evidenced in the Harada et 
al, Sasada et al, Mohri and Yamasaki et al articles and 
the USSR cer t i fic ates represent significant advances 
over the earner work of Beth and Meeks, Dahle and 
Scoppc in recognizing that a pair of axiaily spaced- 
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apart, circumferential bands of symmetrical, helically alternating magnetic field to said bands; means for sens- 
directed anisotropy permits averaging axial permeabil- ing the change in permeability of said bands caused by 
ity differences over the entire circumferential surface. said applied torque; and means for converting said 
This is notably simpler than attempting to average heli- sensed change in permeability to an electrical signal 
cal pe rmeability differences sensed along the principal 5 indicative of the magnitude of the torque applied to said 
stress axes, as had earlier been suggested Moreover, member. In a preferred aspect, the ferromagnetic and 
neither rotational velocity nor radml eccentricity signify magnetostrictive region is formed of nickel maraging 
icantly influence the permeability sensed in this manner. ^eeL * 
Nevertheless, these efforts to pertet means of attach- , D accordancc ^ ^ ^ptc^ ^ t mvcn _ 

^^^^^^^ 10 r ™r plato v-^r^ **r 

^m^rvTH, 4« ^r^M^^Z^Z^ tZT^lSEZ for providing an electrical signal indicative of the 
n^rX^£!S^^^ to ^ Wbed to a member, including ferromagnetic, 

^JEXfjS^ t -^enve means rigidly affixed to^ated 

methods used to conform the ribbons to the shaft, the is with or forming a part of the surface of said torqued 
properties of the adhesive and the functional properties mcmbcr f °* m ma ? netlc pemaMay m 

of the amorphous material, which make such ribbons S P OOK }° the apphcadon of torque to said member, 
impractical for rommerical implementation The use of mem foT Bpp ™ a 10 fcrromag- 

rigidly affixed sleeves as taught by Scoppe and, more netic ' n^ctostrictive m cans ' means for sensing the 
recently, in U.S. Pat No. 4,506,554— Bkmikvist et al, is 20 chin * c b P«meabflity caused by said applied torque 
unsuitable, for practical applications due to the higher **** mcans f°* converting said sensed change in permea- 
costs involved as well as the stresses created by high to *" electrical signal indicative of the magnitude 

temperature welding and/or the uncertainties in mag- °* tfic torque applied to said member, the ferromag- 
netic and mechanical properties created by subsequent oetic * magnetostrictive means being formed from nickel 
annealing. Likewise, reliance upon shape anisotropy or 25 otaraging steel 

predominantly unstressed regions to create stress anisot- In still another aspect of the present invention, there 
ropy present significant problems which make such * provided a method of sensing the torque applied to a 
techniques unpractical for commercial implementation, member having a ferromagnetic and magnetostrictive 

It is, therefore, a pp ar e n t that despite the many ad- region, which includes the steps of endowing a pair of 
vances in torque transducer technology, there still exists 30 axially spaced -apart annular bands within said region 
a need for a magnetoetastic torque transducer which is with respectively symmetrical, right and left hand heli- 
significantly more economical than previous torque caOy directed magnetic anisotropy, applying an alter- 
transdncers, allowing use m many ap p l icati ons for nating magnetic field to said bands and sensing the per- 
which such transducers were not heretofore either ceo- mobility difference between said bands resulting from 
oomicaBy or envir onmentall y viable, and which is ap- 35 the application of torque to said member, the difference 
phcable to snail as weD as large diameter shafts, being indicative of the magnitude of the applied torque, 
whether stationary or rotating at any practical speed the hnprovement which comprises forming said bands 
DISCLOSURE OF THE INVENTION at surface of said member and endowing said bands 

with magnetic anisotropy by instilling a residual stress 

In accordance with one broad aspect of the present 40 distribution in each band which is sufficiently extensive 
mvention there u provided a magnetoelastic torcroe ^ * lcaft Mc circumferential region within each 
TE^JZ ** d S^^r mdlC ^ C **» » fr « of residually unstressed areas, La, said at 

iZSESSS^ ,ca * one ^^rentbl region is residually stressed, 

nenc^magnewstortrve region of the torqued mem- 0vcr «t 1^ 50% of its circumferential length. In a 

^^°^*^^ M ?^ S ^ C1 ^ ( ? fthe 45 preferred aspect of tins method, the ferromSc and 
transducer by providing at the surface of said region a £ ^J™ u^^^!^v!^l,!^ 

pair of axially spaced-apart annular bands ciJowed ^ctostnctive region is formed from nickel maraging 

with residual stress created, respectively symmetrical, . . - . , 
left and right band hetouly dirS rnag^W •fj*™^?*^ * 
ropy of relatively large magnitude, whtchamsotropy 50 vided a method of sensing the torque applied to a mem- 
overwhelms and/or renders negligible or insignificant B / crr0TO 8ncnc and rnagiietostrictive region 
any random anisotropy in the member as a result of whjch mclwic8 of endowing said region with 
internal stresses due to me<*anical working, uihomoge- bcbcaUy dircctcd magnetic anisotropy by instilling a 
Deities, crystal orientation, and the like. residual stress distribution in said region which is suffi- 
In accordance with another aspect of the present 55 cra^y extensive that at least one circumferential region 
invention* there is provided a magnetoelastic torque with " 1 **** ferromagnetic and magnetostrictive region 
transducer for providing an electrical signal indicative i* free of residually unstressed areas, i.e., said at least 
of the torque applied to a member, said member having one circumferential region is residually stressed, over at 
a ferromagnetic and magnetostrictive region, said trans- ***** 309£ of its circumferential length, applying an 
ducer comprising a pair of axially spaced-apart annular 60 alternating magnetic field to said ferromagnetic and 
bands defined within said region, said bands having, at magnetostrictive region and to an area of said member 
least at the surface of said member, respectively syn> not so endowed, and sensing the permeability difference 
metrical right and left hand helically directed residual between said ferromagnetic and magnetostrictive re- 
stress created magnetic anisotropy, each said band bav- gion and said area resulting from the application of 
ing at least one circumferential region which is free of 65 torque to said member, the difference being indicative 
residually unstressed areas, i.c, said at least one ctrcum- of the magnitude of the applied torque. In a preferred 
ferential region is residually stressed, over at least 50% aspect of this method, the ferromagnetic and magneto- 
of its circumferential length; means for applying an strictive region is formed from nickel maraging steeL 
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rr-.. turt r, l ^ „ . * by reference to FIG. 1 is which a cylindrical shaft 2 

BRIEF DESCRIPTION OF THE DRAWINGS ^ of ferToa)agnetlc ^ ^gnet^trictive material 

The invention will be better understood from the or, at least having a ferromagnetic and magnetos trictive 
following description taken in conjunction with the region^ is illustrated having a pair of axially spaced- 
accompanying drawings in which: 5 apart circumferential or annular bands 6,8 endowed 

FIG. 1 is a perspective view of a magnetoelastic with respectively symmetrical, helically directed mag- 
torque transducer in accordance with the present inven- neuc stress anisotropy in the angular directions ±0 of 
lion; the respective magnetic easy axes 10,12. A magnetic 

FIG. 2 is a sectional view of a magnetoelastic torque discriminator 14 is spaced from shaft 2 by a small radial 
transducer in accordance with the present invention 10 space. In the absence of applied torque the magnetiza* 
illustrating one form of magnetic discriminator useful tion within the bands 6,8 will respond symmetrically to 
therewith; the application of equal axial magnetizing forces. Lon- 

FIG. 3 is a circuit diagram showing the circuitry mtudinal or axial components of the magnetization 
associated with the magnetic discriminator of FIG. 2; within these two bands remain identical, since cos 

FIG. 4 is a schematic view of a magnetoelastic torque 15 0=cos— (0) for all values of 0, and the magnetic dis- 
transducer in accordance with the present invention criminator will therefo re, detect no difference or zero, 
illustrating another form of magnetic discriminator, and With the application of torque to shaft 2, the stress 
hs associated circuitry, useful therewith; anisotropy arising, therefrom combines asymmetrically 

FIG. 5 is a graphical l e pt c ae uta ti on of the relation- with the quiescent anisotropics intentionally instilled in 
ship between applied torque and output signal for sev- 20 the bands and there is then a differing response of the 
era) magnetoelastic torque transducers of the present two bands to equal axial magnetizing force. Since the 
invention; stress anisotropy is a function of the direction and mag- 

FIG. 6 is a graphical representation of the relation* ritude of the torque, the differential response of the two 
ship between applied torque and output signal for the bands will be a monotonic function of the torque. The 
magnetoelastic torque transducers of FIG. 5 after the 25 resulting differences in magnetic anisotropy in each of 
shafts thereof have been heat treated under identical the bands is evidenced by the axial permeability of one 
conditions; band increasing and that of the other band decreasing. 

FIG. 7 is a graphical representation of the general The difference in axial penneabimies of the two bands is 
relationship between torque transducer sensitivity and used to sense the torque. A properly designed magnetic 
residual stress loading along the circumferential length 30 dscrhnmator wOl detect detailed features of the differ* 
of a circumferential region of the bands of a transducer ential i espouse and provide an output signal that is an 
of the present invention; analog of the torque, 

FIG. 8 is an devational view of a test piece used in In accordance with the present invention, the torque 
torque transducer sen siti vit y testing; carrying member is provided with two axially spaced- 

FIG. 9 is a graphical ulostration, as in FIG. 7, of the 35 apart, distinct circumferential or annular bands in the 
sensitivity vs. residual stress loading relationship for a ferromagnetic region of the member. There are no par- 
transducer of the present invention wherein the bands ocular geometric, space, location or circumferential 
thereof were endowed with residual stress induced limitatious on these bands, save only thai they should be 
magnetic anisotropy by a controlled knurling tech- located on the same diameter member and close enough 
nique; 40 to one another to experience the same torque. The 

FIG. 10 is an exploded view, partially broken away, bands are intentionally endowed with respective sym- 
of one form of torque tool in accordance with the pres* metrical, helically directed, magnetic anisotropy caused 
ent invention; by residual stress. Residual stress may be induced in a 

FIG. 11 is an devational view of the torque tool of member in many different ways, as discussed more fully 
FIG. 10; and 45 berem below. However, all techniques have in common 

FIG. 12 is a circuit diagram of a multmbrator and that they apply stress to the member beyond the elastic 
indicator circuit useful in the torque tool of FIG. 10. Emit of at least its surface region such that, when the 

BEST MODE TORC^R^NO OUT THE ^ttZZSiS S££ ESSSSi 

50 stresses remain which, as b well known, give rise to 

In accordance with the present invention there is fi?»gn*rtv» anisotropy. Depending upon the technique 

provided a magnetoelastic torque transducer compris- utilized for applying stress, the angular direction of the 

ing (1) a torque carrying member at least the surface of tangential principal residual stress with the member's 

which, in at least one complete circumferential region axis will vary between values greater than zero and less 

of suitable axial extent, is appropriately ferromagnetic 55 than 90*. Preferably, the angular direction of the resid- 

and magnctostrictive; (2) two axially distinct circumfer- ual stress and that of the resulting magnetic easy axes, is 

ential bands within this region or one such band in each from 10* -SO* and, most desirably, from 20*-60*. 
of two such regions that are endowed with respectively It will be appreciated that inasmuch as the sensing of 

symmetrical, heticafty directed residual stress induced torque is primarily accomplished by sensing the change 

magnetic anisotropy such that, in the absence of torque, 60 in permeability at the surface of the torqued member, it 

the magnetization tends to be oriented along a left-hand is at least at the surface of each band that there must be 

(LH) helix in one band and along an axially syinmetrical magnetic anisotropy created by residual stress. Hence, 

right-hand (RH) helix in the other band; and (3) a mag* the limitation that the applied stress must be at least 

actio discriminator device for detecting, without con* sufficient to exceed the elastic limit of the member at its 

Ucting the torqued memb er, differences in the response 65 surface. It wiU, of course, be appreciated that the appti- 

of the two bands to equal, axial magnetizing forces. cation of an applied stress exceeding the minimum will, ■ 

These features of the magnetoelastic torque trans- depending upon the magnitude of the applied stress, 

ducer of the present invention will be better understood result in residual stress within the body of the member 
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as well. For use herein, the term -surface" of the mem. be seen that each such element was cither stressed or 
her means at the surface and within 0.010 inch thereof. unstressed. In order to form a commercially functional 
Any method of applying stress to a member to exceed torque sensor having broad applicability, particularly in 
the elastic limit thereof at the surface of the bands may small diameter shaft applications, which exhibits ac- 
he employed which produces uneven plastic defonna- 5 ceptable and commercially reproducible sensitivity, 
tion over the relevant cross-section of the member. linearity and output signal strength, it has been found 
Thus, the residual stress inducing method may be me- that at least 50% of these elements must have been 
chanical, thermal, or any other which is suitable. It is stressed beyond their elastic limit and, therefore, must 
particularly desirable that the residual stress-inducing remain residually stressed after the applied stress is 
applied stress exceed the maximum expected applied 10 removed. 

stress when the member is torqued in use. This is to The range of methods by which torque carrying 
insurethat torquing during use does not alter the read- members can be endowed with the desired bands con- 
ual stress pattern and, thus, the magnetic amsotropy taming residua] stress instilled helically directed mag- 
within the bands. The residual stress induced in the netic easy axes, Le., directions in which magnetization is 
respective bands should be substantially equal and sym- 15 easiest, is virtually endless. From the point of view of 
metrical in order that axial permeability sensing, when transducer performance the most important consider- 
eqoal axial magnetizing forces are applied to the mem- ation is the adequacy of the resulting amsotropy, La, the 
her, will produce a "no difrerence w output m the untor- band amsotropy created must be at least of comparable 
qued condition and equal but opposite output as a result magnitude to the stress anisotropy contributed by the 
of the application of equal clockwise (CW) and counter- 20 applied torque. From the point of view of compatibility 
clockwise (CCW) torques. with the device in which the transducer is installed, the 

The method chosen to apply stress to a member be- compelling consideration is consequential effects on the 
yond the elastic limit thereof in order to create residual member's prime function. Other important consider- 
stress is largely a function of the member's size, shape, ations in selecting a method are practically and econom- 
material and intended application . The method may 25 ica> Examples of suitable methods for imprinting reski- 
induce continuous and substantially equal "residual ual stress induced magnetically directional characterise 
stresses over the entire surface of the band, le, around * tics on, Le., at the surface of, a torque carrying member 
the entire band circumference and along its entire axial include, but arc not limited to, torsional overstrain; 
length. Alternatively, the method may induce a residual knurling; grinding; mechanical scribing; directed or 
stress pattern within each band which includes both 30 masked shot peening or sand blasting; roll crushing; 
stressed and unstressed areas. Such a pattern, however, appropriate chemical means; selective heat treatments, 
a subject to the important limitation that each band cg^ induction, torch, thermal print bead, laser scribing, 
must have at least one continuous cinmmferetrtial re- Of the foregoing, the creation of areas of residual 
gion which is free of unstressed areas over at least 50% stress by torsional overstrain has been found to be a 
of its circumferential length, desirably over at least 80% 35 simple, economical and effective method for small di- 
of its circumferential length. In a particularly preferred ameter shafts. It is particularly desirable because it (re- 
configuration, e ach ba nd would have at least one con- ther distorts nor interrupts the surface of the shaft and 
tinnous cuTumferential region which is free of un- is, therefore, compatible with virtually any application, 
stressed areas over its entire circumferential length. As However, the manner of applying torsional overstrain, 
a general matter, it is particularly desirable to inairmtrr 40 eg., by twisting both sides of a centrally restrained 
the amount of shaft surface which is intentionally region, makes it impractical for and inapplicable to 
stressed in order to endow as much of the surface as is large diameter shafts formed of high elastic limit mated* 
possible with relatively large magnitude controlled ala. Knurling is a desirable maimer of inducing residual 
magnetic anisotropy. This leaves as little of the shaft stress in a shaft of virtually any diameter. With knurling, 
surface as possible subject only to the random arusotro- 4$ the exact location of the bands, their axial extent, sepa- 
pies created during shaft rnanufacture, due to internal ration and location can be closely controlled. In addi- 
stresses and resulting from crystal orientation. It should tion, knurling allows relatively simple control of the 
be appreciated that the problems associated with ran- helix angles of the easy axes. Very importantly, knurl- 
dom anisotropy inherent in using the shaft itself as an ing permits predetermination of the salient features of 
operative element, Lc, the sensing region, of the mag- SO the knurl itself, such as pitch, depth and cross-sectional 
netic circuit of the torque sensor are overcome, in ac- shape and. thereby, allows control of the residual stress 
cordance with the present invention, by replacing and- induced. It should be appreciated that, in accordance 
/or overwhelming the random anisotropy with rda- with the present invention, enough of the surface of 
lively large magnitude intentionally created residual each band must be stressed that there exists within each 
stress induced anisotropy. For obvious reasons, the 55 band at least one continuous circumferential region 
greater the intentionally induced anisotropy, the less which is free of unstressed areas over at least 50% of its 
significant is any residual random anisotropy. circumferential length. Not all knurling is this extensive 

As used hereinbefore and hereinafter, the term M cir- and care must be taken to select a knurl which achieves 
ttwrfereotial region" means the locus of points defining this objective. Inasmuch as knurling disrupts the surface 
the intersection of (1) a plane passing perpendicular to 60 of the shaft in order to form the knurl thereon, a knurled 
the member's axis and (2) the surface of the member, as band is endowed with shape anisotropy as well as resid- 
hrran before defined. Where the member is a cylmdri- ual stress amsotropy. If it is desired, for example, for 
cal shaft, the cmxumferential region is a circle defining compatibility of the knurkd shaft with an intended 
thejntersection of the cylindrical surface with a plane application, the gross shape features of the knurl may be 
perpendicular to the shaft axis, and such a circle has a 65 ground off the shaft to leave only magnetic anisotropy 
circumference or circurnferential length. Stated other- caused by residual stress. Other forms of cold working, 
wtte, if each element of the member's surface compris- with or without surface deformation, likewise create 
ing the circumferential region were examined, it would residual stress and associated magnetic anisotropy. In 
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addition, more sophisticated methods, such as electron ential region is both material and process dependent and 

beam and laser scribing as well as selective heat treat- that it is generally most desirable to be as close to 100% 

meat can provide the desired anisotropy with less mud- .stress loading as is practical 

lation of the shaft surface than most mechanical cold To demonstrate the applicability of the foregoing in 

working methods. Moreover, these methods offer the 5 fabricating an operable torque sensor, with reference to 

opportunity of very close control of the induced resid* FIG. 8, a 0.25 inch OD cylindrical shaft 100 was formed 

ual stresses by adjustment of the power density and with two shoulders 102 of equal axial length spaced 

intensity of the beam and/or the thermal gradients. apart by a reduced diameter shaft portion 104 of 0.213 

Whatever method may be selected for creating resid- inch OD. The shaft was formed of a nickel maraging 

ual stress within the bands, it should be appreciated that 10 steel commercially available as Unimar 300K from Uni- 

tbe relationship between the percent of stressed areas versal-Cy clops Specialty Steel Division, Cyclops Cor- 

along the circumferential length of a circumferential poration of Pittsburgh, Pennsylvania and was pre- 

region within each band (**% stressed areas'*) and sensi- annealed at 813* C in hydrogen to relieve internal 

tivity (in millivolts/N-M) is one wherein the sensitivity stresses. Each shoulder 102 was carefully knurled using 

increases with increasing M % stressed areas". A plot of 15 a pair of identicml 2 inch OD, i inch long knurling rol- 

these parameters yields a curve which has its greatest lciB having 48 teeth around their circumference. The 

slope at the lower values of **% stressed areas" and shoulders were brought into contact with the knurling 

which has a decreasing slope at the higher values of "% roQen ^ a controlled manner to form symmetrical 

stressed areas", up to 100%, at which point the sensitiv- tol|rh ^ eacb shoulder at angles of ^30* to the shaft 
ity is greatest and the slope ii 'close to zero. TOe precise » 

shape of the curvte, to slope for any parttcular value of ^ ^ ^ width aid depth of each 

*% sttesscd areas", its mitial rate of ascent and the pomt ^ tQ ^ ^ 0 ttTaaed 

at which the rate of ascent decreases and the curve ^ ^ ^^^^^ lcngth of a circumferential 
levels off are all ftmcrions of the material of the bands of ^ ^ drtcnnined by 

and the manner in which the stress is appbed. A typical 25 J^nw* that the knurl trough was the only stressed 

curve « shown in FIG 7. At "A", ttere is no residual ™ 8 ^^11T^ 
stress along the arctmferentol length of the cucumfer- unstressed by the knurling opera- 

ential reaion. At *C\ 100% of the circumferential . . ^ * , v w ~^ , T , . , . 

iZu ^^J^LJ^^^JaL«Z liJJ^ tion; by measuring the trough width and chorda! knurl 

2^^XoXJ« 30 P^h and averting the clmrdal pitch ^ c^eren- 

becomes less responsive to "% stressed areas,- a point « nn f c ™ 1 V^J*** "J^J^"}™ multtphed 

which is both arterial and method oepcudent. °* 100 represented the desired "% stressed areas' 

Ideally, torque sensor operation at 100% residua] value. The shaft prepared in this manner was affixed to 

stress, ix. at "C" on Uie curv^ b best because the rate 35 a lever arm which permitted 1^ P°und weightsto 

of change of sensitivity is minimized and the 100% be suspended from cable* at each end of the arm. The 

stressed condition is generally easiest to attain with lever arm was so dunensioued that addition or removal 

most methods. As a practical matter, it is difficult to <*» one pound weight from • ^ >te?I»» 

control the residua] stress inducing method to achieve a seated a torque change on the shaft of 0.5 N-M By 

value for desired "% stressed area** which is less than 40 apprc^uiatc shifting of the weights, the torque on the 

100%. However, practical production problems aside, ^f 01 * 1 * m J >oth nwgnitude and direction, 

acceptable torque sensors can be made which operate at FK*. 9 graphically illustrates the relationship be- 

sensitiviry levels corresponding to less than 100% read- tween "% stressed areas" and sensitivity for a shaft 

oal stress along the leugth of a circumferential region of prepared as described hereinabove. It can be seen that 

the bands. 45 **** curve ascends rapidly up to about 60% stress load* 

Torque sensor canno t economically and reproducibry m Z and then appears to level off rather rapidly thereaf* 

be made to operate m the ascending portion AB along tcr - ™* is because there is believed to be a greater 

the curve in FIG. 7 since, in that portion, the sensitivity correlation at lower M % stressed area" values between 

is extremely responsive to **% stressed areas". This the trough width to circumferential pitch ratio and the 

means that even small changes in M % stressed areas" 50 actual percentage of stressed areas along the circumfcr- 

causes relatively large changes in sensitivity. From a ential length of a circumferential region of the shaft. As 

practical, commercial standpoint, mass produced the width and depth of the knurling trough increases it 

torque sensors must have a known and reproducible becomes apparent that the shoulder surface between 

sensitivity. It would be unrealis tic to have to indrvidu* troughs, at least in the vicinity of the trough edges, 

airy calibrate each one. However, even normal produc- 55 becomes slightly deformed and, more than likely, resid- 

tion mconsistencies will cause small ~% stressed areas" ually stressed. Therefore, the point on the curve at 

changes which will result, in the AB region of the which 100% stress loading in a circumferential region is 

curve, in large sensitivity differences among sensors. actually achieved is somewhat less than the calculated 

Therefore, commercially useful torque sensors have to 100% value, accounting for the rapid flattening of the 

operate along a flatter portion of the curve, where the 60 curve at the higher **% stressed areas" portions thereof, 

slope is closer to zero. Operating in the BC portion of This suggests that, with many processes, such as knurl- 

the curve appears to be an acceptable compromise. It is ing, the 100% stress loading point can be achieved with 

preferred, for most materials and residual stress indue* less than 100% topographic disruption. It will be appre- 

ing methods, that the point represented by M B" exceed dated in this connection, that each method of inducing 

.at least 50%, preferably at least 80%, stressed areas 65 residual saress in a shaft will produce its own distinctive 

along the circumferential length of a circumferential curve of M % stressed areas" vs. sensitivity, although it is 

region. This is tnTecognitioa of the fact that the mini* believed that each curve will have the same general 

mum acceptable residual stress loading of a circumfer- characteristics as appear in FIGS 7 and 9. 
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la accordance wkh the foregoing, it can be seen that subjected to tensile and compressive stresses, with a 

in the absence of applied torque, the application to the resulting increase of permeability and of the flux passing 

bands of equal axial magnetizing forces causes the bands through one of the bands, and a resulting decrease of 

to respond symmetrically and the sensing means associ- permeability and of the flux passing through the other 

Med with the bands detect no difference in response. 5 of the bands. Thus, the voltage induced in one of the 

When torque is applied, the principal stresses associated sensing coils will exceed the voltage induced in the 

with the apphed torque combine with the residual other sensing coil and an output signal representing the 

stresses in the bands in such a manner that the resultant difference between the induced voltages and propor- 

stresses m the two bands are different from each other. tional to the applied torque wfll be obtained. The signal 

As a result. Use magnetic permeabilities are different 10 is converted to a direct current voltage in the rectifier 

rtJt^^Z^t^^Z aSS ° Ci2 ^ d 34 *• P 01 ^ «* «tifier output will depend 

witt each band reflect that difference. The magnitude upon the direction, U, CW or CCW, of the applied 

of the difference » proportional to the magnitude of the torque. Generally, it has been found mat in order to 

apphed torque. Thus, the mstant system senses a differ- obtain linear, strong output signals, the ax driving 
enoal magnetoehsoc response to the principal stresses 15 current should advantageously be maintained in the 

associated with the apphed torque between two circum- range 10 to 400 mffliamperes at excitation frequencies or 

feremial bands. The significance of tins is that sensing in 1 to 100 kHz. "cuanou trequeuctes o! 

tins maimer amounts to sensing the response averaged FIG. 4 illustrates another type of magnetic discritni. 

neTs^ri^ rZS^K^-^i^ 5 ""i ^ fw SaiSU,S * C P«n«abaity change of the bands 
ner, senntrvity to surface inhomogenrty. position and 20 upon application of a torque to the shaft. Majmetic 

, „ 4 *« «>-P^g a fenlnugneticTe iTcoil 

Tins sousing of magnetic penneabOrty changes due to wound thereupon are provided in axial locations alone 

apphedjorqiie can be accomplished in many ways, as b shaft 40 which coincide with bands 46,48 andaremag 

disclosed m the pnor art See, for example, the afore- netically coupled to the bands. The magnetic heads 

r^Vp^LlnvT^ *iT!r U * PlL N ?' 25 42144 "cited by high frequency powef source S 
4,506,554. Functionally, die magnetic discriminator is through diodes S2£4. With no torqueapplied «o shaft 
merely a probe for assessing any differential magneto- 40, the magnetic permeability of the bands are equal 
elastic response to applied torque between the two Therefore, the inductance levels of both magnetic heads 
bands, to general, it functions by imposing equal cycli- are equal and opposite in polarity, and the net direct 
caDy tone varymg magnetizing forces on both bands 30 current output, vCi* zero When torque is applied^ 
and sensing any differences m their resulting magnetiza- shaft 40, as shown by arrows 60, the magnetic perinea, 
turn. The magnetizing forces msy come from electrical bflity of one band increases while the permeabuity or 
currents, permanent magnets, or both. Resulting mag- the other decreases. Correspondingly, iheinductance or 
bTme^Z^flT^ T5** t *7T* one magnetic head increlSwlnle'he ^cZT^kc 

bythe resulting flux or its tune rate of change. The 35 other decreases, with a resultant difference in excitation 
inducer function „ completed by the electrical cir- current between the heads. This difference m exritation 

3^^ OTMCkCm ^ SigMlthati$anaM - COtmt ' P««d vi, output resistors 56 and srnoothing 
„, t t P^-, . . . • - , capacitor 58, produces a direct current output signal 

mStZ£££ *? .ST - ""? 00 *«■ which has polarity and magnitude indicative of the 
and for measuring the resulting difference signal from 40 magnitude and direction of the applied torque. 

%<^*J^^J?FZ S 1?£ * ****** In «*ori*»" with one unique P Lpect of'the present 
^tif^Jta 6 4 Jffe invention, as hereinbefore described, a shaft of suitable 

mJ^L w££^i.* re coucenlnc with shaft 2. material is endowed in each of two proximate bands 
ziT^J?*^™* 1 " «*» P«r of coils 2«U2 and with symmetrical, left and right landed helical mag- 
^e^^^^J^^T 1 ? 11 "?^ 45 ^ easy axes. ,U least in the region of the bands, and 
cods connected m series and driven by alternating cur- more commonly over its entire length the shaft is 

™l £Jt!Z? t 2j£ ° Ppt Tf y « least at it, surface, of a material which is 

^S^TTfe^? Z° flul ° ^ fcrromagnetx and magnetostrictive. The matenal must 

^^1^! 5K^°"5£f ° PU ^ te f «"»»»S»etic to assure the existence of magnetic 

^JL^^L £^2?.^ * Cir- » domains and must be magnetostrictive in ordertoat the 

^SSjST ^ ^ °ri=n*tiou of the magnetization may be altered by the 

core are desirably maintained as small and uniform as is stresses associated with an applied torque Many materi- 



„™-*io.i _.; . • .v- , " , — : — " "«w aaaooaiea wim an appnea torque Many maten 

r^^^^lT ^ tCCTt f redwithill,hcCOre - «1» are both ferromagnetic and magnetostrictive. How 

SLf ZiTf^T ° r ^J**,*" eVCt ' 0niy ^desirable wS also exhibit other 

supphed m series from AC source 32 and the emf in-us desirable magnetic properties such as high permeability, 

duced in tetippositely connected sensing coils 20t24 is low coercive force andlow inherent magnetic anises 

l^TS " lecti ^ r 34and is«ha- ropy. In addition, desirable materials have Wgh Sv. 

on voltogeduplay mstrument 36. Black dots 38 ity in order to mini mire the presence of induced eddy 

^uctaS^l^^ ^ - currents as a result of toe apph^oK ^S«^cy 

Inasmuch as the stresses in the bands arc syrnrnctrical 60 magnetic fields. Most importamly, favored materials 

S^^SZ 8PPl ^" 8h ^ iUndCT niuu retain mese favorable'magneac properties foBow- 

SwnT^G^ w?n ^? Ut aSnai ^° m ?l '* Ca £Z ?* *° 00,0 worUn « md ^ treatmgTecessary to 

n 3 *"" nG '^.^ " ro - regardless of the applied form tbem into suitable shafts having appropriately high 

^^t^^^X^^^^^f ^«8lh^ hardness for their intended^ * 

magnetic permeabihty. Thus the voltages induced m the 65 It is true that many high strength steel alloys are 

.e«mg coflj are equal m magnitude and opposite in ferromagnetic and amgueto^tive. However ZaJy- 

**™ y . "* ? th ^J5 WeVCr ' Wh ™ " m » dc « rca > v »* "«jority of these alloys experience 

torque » applied to shaft 2. the respective bands wfll be a degradation in their magnetic properties m a result of 
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the heat treating necessary to achieve suitable hardness nctic characteristics can be attained in alloys aged for as 

and strength for the desired application. The most sig- little as 10 minutes, 

nifjemt degradation is noted in those alloys hardened Other well known nickel maraging steels are cobalt- 
by carbon or carbides for which the conventional in- free 18% Ni maraging steels as well as cobalt-contain- 
verse relationship between mechanical hardness and 3 ing 25% Ni, 20% Ni and 12% Ni maraging steels. The 
magnetic softness appears to have a sound basis. How* 18% Ni-cobaJt containing maraging steels are commer- 
ever, the performance of even low carbon alloys such as cially available from a number of sources* Thus, such 
AJSI 1018 is found, to significantly degrade with heat steels are obtainable under the trademarks VascoMax 
treating. The same is true for maxteusrac stainless steels, C-200, VascoMax O250, VascoMax O300 and Vas- 
e.g^ AJSI 410, and highly alloyed steels, eg., a 49Fe- 10 coMax C-350 from Teledyne Vasco of Latrobe, Penn- 
49Co*2V alloy. It has been determined, in accordance sylvanxa; under the trademarks Marvac 250 and Marvac 
with another unique aspect of the present invention, 300 from Latrobe Steel Company of Latrobe, Pennsyl- 
that the nickel maraging steels possess the unusual com- vania; under the trademark Unimar 300K from Unrver- 
binatkm of superior mechanical properties and out* sal-Cyclops Specialty Steel Division, Cyclops Corpora- 
standing and thermally stable rni-gnr^ properties IS tion of Pittsburgh. Pennsylvania; and, under the trade- 
which give them a s peci al suitability and make them mark Almar 18-300 from Superior Tube of Norristown, 
particularly advantageous for use in all magnetoelasnc Pennsylvania. The 18% Ni-cobait free maraging steels 
torque transducers in which a magnetic field is applied are commercially available under the trademarks Vas- 
to ferromagnetic, magnetostrictrve means and the coMax T-200, VascoMax T-250 and VascoMax T-300 
change in permeability caused by torque applied thereto 20 from Tekdyue Vasco of Latrobe, Pennsylvania. Other 
is sen sed to obtain an indication of the magnitude of the high nickel steels which form an iron-nickel martensite 
applied torque. This is the case whether the ferromag- phase exhibit mechanical and magnetic properties 
netic, ma gn etostrictive means is affixed to, associated which are similar to those of the more conventional 
with or forms a part of the surface of the torqued mem* maraging steels and which are also s ub s t a nti a ll y stable 
ber and whether or not the ferromagnetic magneto- 25 to temperature variations. Most notable among these is 
strictive means is endowed with bands of intentionally a nominally 9% Nj-4% Co alloy available from Tele* 
instilled magnetic anisotropy and irrespective of the dyne Vasco having a typical composition, in percent by 
number of bands which may be used weight, of 9.84 Ni, 3.62 Co, 0.15 C, balance Fe. In addi- 

The nickel maraging steels are, typically, extra-low* tkm, maraging steels of various other high nickel-cobalt 
carbon, high nickel, iron-base alloys demonstrating an 30 compositioas, e-g^, 15% NM5% Co, are continously 
extraordinary combination of structural strength and being tested in efforts to optimize one or another or 
fracture toughness in a material which b readily weld- some combination of properties. Therefore, as used 
able and easy to heat-treat They belong to a loosely herein, the term "Ni maraging steer refers to alloys of 
knit family of iron-base alloys that attain their extraordi- iron and nickel which contain from 9-25% nickel and 
nary strength characteristics upon anneafing, by trans- 35 which derive their strength characte ri stics from iron- 
forming to an iron-nickel maTtw«tie mkrostructure, nickel martensite formation, as hereinbefore described, 
and following cooling, upon aging in the annealed or In addition to their outstanding physical and strength 
martensitic condition. Thus, the alloys are termed "mar- characteristics, the nickel maraging steels have excel- 
aging" because of the two major reactions involved in lent magnetic properties which make them outstanding 
their strengthening— martensitizing and aging. How- 40 for use as the magnetic material in non-contact torque 
ever, these steels are unique due to their high nickel and transducers. Thus, they have high and substantially 
extremely low carbon content, which permits formation isotropic magnetostriction, in the range of 25 ppm± 15 
of an outstandingly tough martensite that can be ppm, and do not exhibit a VDlari reversal; high dectri- 
strengthened rapidly to extraordinarily high levels. cal resistivity; low inherent magnetic anisotropics due 
Yield strengths up to and well beyond 300 ksi are avail- 45 to crystalline structure; high magnetic permeability; 
able in these steels in the aged condition. low coercive force, in the range 5-25 oersted; and, 

Typical nickel maraging steels are alloys comprising stability of magnetic properties with alloy chemistry. 
12-25% Ni, 7-13% Co, 2.75-5.2% Mo, a 15-2.0% Ti, However, most important is that their magnetic proper- 
0.05-03% Al, up to 0.03% C, balance Fe and incsden- ties are only modestly, yet favorably, affected by 
ual amounts of other elements, such as Mn, Si, S, P, Cb. 50 streng thenin g treatmennv--mdeed, their magnetic prop- 
The most popular and practically significant ">»*»gfag erties improve with cold work and aging heat treat- 
steels, at least at present, are the 18% Ni steels which meat This characteristic distinguishes the nickel mar- 
can be aged to develop yield strengths of about 200 ksi, aging steels from all other high strength alloys. Hereto- 
250 ksi and 300 ksi These particular aDoys, referred to fore, it had been the conventional wisdom that the heat 
as 18N1200, 18NI2S0 and 18N1300 grade maraging steels 55 treatments needed to improve the mechanical and 
have typical compositions in the ranges 17-19% Ni, strength properties of steels were detrimental to their 
7-9.5% Co, 3.0-5.2% Mo, 0.1-0.8% Ti, 0.05-0.15% Al, magnetic properties. For example, quench hardened 
up to 0.03% C balance Fe and mcidennal amounts of steel alloys typically exhibit very low magnetic permc- 
other elements. Typically, the 18% nickel maraging abilities and high coercive forces, a combination of 
steels are heat treated by annealing at temperatures of 60 unfortunate magnetic properties which materially de- 
1500* F. and above for a sufficient time, e.g„ one hour crease the sensitivity of such alloys to small magnetic 
per inch of thickness, to dissolve precipitates, relieve hclds and diminish or negate their usefulness in torque 
internal stresses and assure complete transformation to transducers such as arc contemplated herein. This is 
austenhe. Following air cooling, the 18% Ni steels are demonstrably not the case with the nickel maraging 
conventionally aged at 7 50* -1 100* F., desirably 65 steels. In accordance with the present invention it has 
900*-950* F., for 3 to 10 hours, depending upon thick* been determined that nickel maraging steels get magnet* 
ness. usually 3-o hours. However, it has been found that icaDy softer following cold work and the aging heat 
satisfactory strength characteristics and superior mag- treatments to which they are conventionally subjected 
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m order to develop their extraordinary high strength formed by knurling using a J-inch OD knurling tool 
characteristics. For example, the coercive force of an having 48 teeth around the circumference, each tooth 
18% Ni maraging steel in fact decreases when aged at oriented at 30* to the shaft axis. The characteristics of 
900* F. for up to 10 hours. As a result the maraging this arrangement were sensed by positioning bobbins 
steels can be advantageously used in their aged condi- 5 concentric with the shaft and axially aligned with the 
tton, ic., in a condition where they exhibit maximum bands, each bobbin having a magnetizing and sensing 
strength characteristics and substantially the same or coil mounted thereon. The magnetizing coils were con- 
improved magnetic characteristics. nected in scries and driven by an alternating current 
Thus, the use of maraging steels as the magnetic ma- source having a 1 0 KHz frequency output and a 200 mA 
terial in a magnetoelastic torque sensor, particularly as 10 peak driving current. The emf induced in each of the 
the shaft material in a device whose torque is to be sensing coils was separately rectified with the rectified 
sensed, obviates virtually all of the objections hereto- outputs oppositely connected to produce 8 difference 
fore made to using the device shaft as the magnetic signal which was displayed on a voltage display instru- 
member. The mechanical and strength properties of ment Four shafts were employed, identical in all re- 
maraging steels satisfy the mechanical properties re- 13 spects except they were each formed of different mate- 
quircments for most all shaft applications while, at the rials. The composition of each shaft is set forth in per- 
same tune, providing outstanding magnetic properties cent by weight hereinbelow: 

for its role in the torque sensor. Aging of the maraging T-250: 18.5 Ni; 3.0 Mo; 1.4 Ti; 0.10 Al; less than 0.03 

steels provides the high strength and high hardness Q no cobalt; balance Fe 

needed for the mechanical application without loss of 20 SAE 9310: 0.08-0.13 Q 0.45-0*65 Mn; 3-3.5 Ni; 1-1.4 

magnetic penneamlhy or increase in coercive force. Cr; 0.08-0.15 Mo; balance Fc 

Moreover,, the conventional maimer of heat treating 416 SS: 1 1.5-13.5 Cr, 0.5 max Ni; 0.15 max C; 1.0 max 

maraging steel, including the initial solution anneal at Mn; 1.0 max Si; balance Fe 

temperatures in excess of 1500* F n relieves internal AISI 1018: 0.15-0.20 C; 0.6-0.9 Mn; 0.04 max P; 0.05 

stresses due to mechanical working and most stresses 25 max S; balance Fe 

due to mhomogenerbea and crystal orientation, thus In a first series of runs, the T-250 nickel maraging 
minimizing the amount of random magnetic anisotropy steel shaft was used in the solution annealed, imaged 
in a maraging steel shaft When such heat treatment is condition as received from Teledyne Vasco. Likewise, 
combined with the creation, according to the present the other shafts were also used in their aspurchased 
invention, of a pair of adjacent bands endowed with 30 condition without further heat treatment A known 
intentionally instilled magnetic stress anisotropy of a torque loading was applied to each shaft under test and 
relatively large magnitude, e.g„ by stressing the shaft the output voltage signal was recorded. The applied 
beyond its elastic limits with applied stresses of a magm- torque was increased from zero up to 100 newton- 
tude greater than the largest torque stresses anticipated meters (N-M). FIG. 5 is a graph of applied torque ver- 
during normal usage of the shaft, the contribution to 35 sua output d.c. voltage for each shaft. It is apparent that 
total magnetic anisotropy of any random anisotropy in the sensitivity of the T-250 shaft in terms of magnitude 
the shaft is indeed negligible. of output signal for a given torque loading was signift- 
It will be appreciated that the advantage of the nickel cantly greater than for the other shaft materials tested, 
maraging steels in magnetoelastic torque transducers In addition, the linearity of the output signal for the 
can be realized by forming the shaft of the desired 40 T-250 shaft was extremely good over the entire torque 
nickel maraging steel, by forming a region of the shaft range. The other shaft materials appeared to be about 
of the desired nickel maraging steel and locating the equally insensitive, compared to the T-250 shaft, to 
annular bands within this region, or by surfacing with a applied torque. None produced as linear a signal as the 
nickel maraging steel a shaft formed of an alloy having T-250 shaft, although each produced a reasonably linear 
mechanical properties suitable for the intended function 45 signal oyer most of the torque range, 
of the shaft, i.e., applying over at least one complete For the second series of runs, the T-250 nickel marng- 
carcumfcrential region of suitable axial extent of the ing steel shaft was aged at about 900* F. for 30 minutes 
shaft a surfacing alloy of the desired nickel maraging to improve the strength and hardness of the shaft. For 
sted and locating the annular bands within this region. consistency of testing, the other shafts were heat treated 
Inasmuch as m ag netic permeability sensing in accor- 50 in the same manner, after which each shaft was sub- 
dance with the present invention a fundamentally a jected to an applied torque from zero to 100 N-M and 
sur&ce phenomena, the surfacing process need apply a the output d.c voltage recorded. FIG. 6 is a graph of 
cnrcumferential layer of thickness not exceeding about applied torque versus output cLc. voltage for each shaft 
0.01 5 inches. The surfacing process selected may advan- after beat treatment It can be seen that once again the 
tageously be selected from among the many known 55 sensitivity of the T-250 shaft far exceeded the sensitivity 
additive processes, e.g., electroplating, metal spraying, of the other shafts and once again the T-250 output 
sputtering, vacuum deposition, ion unpianatation, and signal was linear over the entire torque range. By com- 
™ ^ parison with FIG. 5 for the T-250 shaft in the imaged 
In order to demonstrate the outstanding qualities of condition h is apparent that aging measurably improved 
the maraging steels as the magnetic material in torque 60 the sensitivity of the shaft, indicating an enhancement of 
transducers of the present invention and to compare the the magnetic properties of the maraging steel with ag- 
performance of maraging steels with other high ing. By contrast, the sensitivity of the SAE 9310 shaft 
strength steels, a torque transducer was assembled using did not appear to improve with this heat treatment 
a 12.7 mm diameter cylindrical shaft having formed Moreover, the linearity of the output signal clearly 
thereon a pair of axially spaced-apart bands endowed 65 degraded, particularly at higher applied torques. The 
with helically symmetrical LH and RH magnetic easy sensitivity of the AISI 1018 shaft significantly improved 
axes. The bands each had an axial length of 12.7 mm and at low applied torques but the improvement began to 
were separated by a 12.7 mm shaft segment. They were abate at about 40 N-M and degraded thereafter. The 



:iD. <US 4882936A1 J_> 



4,882,936 

19 20 

linearity of the output signal for the aged AISI 1018 of all types and sizes, whatever may be the device or 

shaft was very poor. For the 416 SS shaft, the sensitivity field of application in which the member operates. It is 

at low applied torques improved with heat treatment universally accepted that torque is an absolutely funda- 

but significantly worsened at higher applied torques. mental parameter in the control of systems having rotat- 

The Hneariry of the 416 SS output signal became worse 5 ing members. Sensing the instantaneous torque experv 

with heat treatment It is noteworthy that noTwitbstand- enced by a rotating member and generating an electrical 

ing the mixed response of the output signal to applied current in response thereto which bears a known rela- 

torque, heat treatment adversely affected the mechan> tionship to the torque allows the early diagnosis of 

cal and strength properties of the SAE 93 10, 4I6S5 and incipient problems or the control, via microprocessor or 

AISI 1018 shafts, For example, following heat treat* 10 otherwise, of the engine, machine, motor, etc which 

meut, an applied torque of only about 50 N-M exceeded drives the rotary member. 

the elastic Hmft of the AISI 1018 shaft and the shaft Applications for the torque transducers of the present 

pe rmanen tly twisted. invention can be found in virtually every device having 

FIGS. 5 and 6 graphically illustrate the signal re- a rotating member. There already is a demand for sensi- 
sponse to applied torque using a relatively low, 10 kHz, 15 tive, responsive, and inexpensive magnetic torque sen- 
ax. excitation frequency. It has been found that the sors for monitoring torque in engines and power drives 
output signal is directly proportional to and increases to improve overall performance and fuel economy, 
approximately linearly with a.c frequency. Tests show control exhaust emissions and modulate transmission 
that at 20 kHz, for example, a doubling of the output ratios; in marine propulsion systems to detect and cor- 
dx. voltage signal is obtained. Depending upon the 20 rcct reduced output from the propulsion machinery and 
circuitry employed, ax. frequencies in the range 1-100 the effects of hull fouling and propeller damage; in 
kHz can advantageously be used to drive torque trans- helicopter turbines to avoid overloading and to detect 
ducers of the present invention. Preferably, frequencies power loss caused, for example, by sand or salt spray, 
of 10-30 kHz, just above the human audible range, are There is also a demand for torque transducers such as 
used in order to avoid whistling. Most desirably, the 23 are provided in accordance with the present invention 
frequency is adjusted to about 20 kHz. Like its response for controlling heavy industrial machinery of all types, 
to frequency, the output dx. signal also appears to be cg^ pulp grinders for maintaining fiber quality, paper- 
directly proportional to, more specifically to vary sig- making machines, and the Uke, as well as for use in 
moidaDy with, the drive current which, depending consumer home and commercial appliances, c.g^ food 
upon the frequency, can usefully be in the range 10-400 30 mixers and processors. In addition, the need for small, 
mA (peak). Generally, sufficient current is used to ob- inexpensive, sensitive, reliable torque sensors has been 
tain a good si gnal at the chosen frequency and, desh> noted in such diverse applications as machine and hand 
ably, to adjust the signal hysteresis to zero over the tools, robotics, information devices, industrial measur- 
entire applied torque range. ing instruments, weighing systems of various kinds. 

It is interesting to note that the sensitivity of a nickel 35 electronic power assisted power steering, and vehicular 

maraging steel shaft is markedly better than the sensiuv* traction balancing. 

ities reported by workers employing nonmagnetic One application for the magnetoelastic torque trans- 
shafts and adhesively affixing amorp ho us ribbons ducers of the present invention which is particularly 
thereto. From FIG. 6, it can be seen that according to promising in view of the potential contribution of these 
the present invention an aged T-250 nickel m^ragmg 40 transducers to energy conservation, environmental 
steel shaft transducer, having a shaft diameter of 12.7 cleanliness and safety and because it directly affects so 
mm, produces an output dx. signal of 0.9 volts at an many people and businesses is its use on internal corn- 
applied torque of 60 N-M using an ax. frequency of 10 bustion engines and associated engine power drives. 
kHz and an exciting current of 200 mA and employing The torque sensor of the present invention is capable of 
exerting coils having 100 turns each and sensing coOs 45 recovering die torque signature of an engine over a 
having 300 turns each, a aensrriviry of 0.01 5 V/N-M. By wide enough bandwidth to discern salient details of 
comparison, Sasada ct al, in the paper "Noncontact important torque contributing events at all points be- 
Torque Sensor", presented at the 1 1th Annual IEEE tween idle and the top operating speed of the engine. 
Industrial Electronics Society Conference (Nov. 18-22, Torque sensing in an accurate and cost effective manner 
1985) reports, for an amorphous ribbon torque sensor, SO enables early diagnosis of mdpient problems due to the 
an output dx. signal of 35 mV at an applied torque of 10 functional condition of the engine, helps to avoid unan- 
N-M using an ax. frequency of 20 kHz, an exciting bc*pated failures that might limit the aervicabilrty of the 
current of 120 mA, exciting cous having 220 turns each vehicle at critical times and improves and/or controls 
and sensing coils having 80 turns each and a shaft diam- the performance and economy of the engine and its 
eter of 12 mm. Inasmuch as sensitivity is directly pro- 55 power drive. 

porrional to ax. frequency, exciting current and number Primary power for the propulsion and other essential 
of turns on the exciting and sensing coils and inversely functions of modern vehicles is obtained from the rotat- 
proportional to the cube of the shaft diameter, the ing output shaft of an internal combustion engine. Re- 
Sasada et al sensitivity corrected to an equivalent basis gardless of the type of engine the power actually deliv- 
asthumownmnG.6hereofis0.007V/N-M.InotW 60 ercd by this shaft to the vehicle is the numerical product 
words, the torque transducer of the present invention ts of only two parameters: rotational speed and transmit- 
more than twice as sensitive as the amorphous ribbon ted torque. Of the two, torque is the intensive parameter 
torque sensor of Sasada et al since rotational speed is itself consequential to the inter* 

~, nally developed torque of the engine. It is the magni- 

INDUSTRIAL APPLICABILITY 0 f available torque that sets the limits on vehicle 

The unique and improved magnetoelastic torque acceleration, its speed on grade and other mobility and 

transducers of the present invention are broadly, useful performance factors. The successful use and enjoyment 

for die sensing and measurement of torque in members of the vehicle depends, ultimately, on the ability of its 
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engine to deliver the functionally required torque the maximum event rate, Le., in the vicinity of 5 kHz. 
throughout its operational range of speeds. The frequency response must also extend downward to 

Except for the situation where a turbine engine is zero Hz to faithfully capture the steady state torque 
driving a constant load, the torque transmitted through components imposed by the vehicle loads, 
an engine output shaft fluctuates rapidly. These fluetua- 5 Although that full bandwidth is obviously desirable 
tions reflect both the cyclic variations in the torque for maximum utility as a diagnostic tool, the informa- 
developed by the engine and transient variations in the tion contained in the low frequency spectrum, up to 10 
torque imposed by vehicle bads. In piston engines, Hz, accurately describes the engine's overall response 
torque is developed by each cylinder only during its to control (input) and load (output) changes. Not only 
power stroke. Multicyimder engines attain some cooti- 10 can variations in performance be objectively evaluated 
nony of developed torque by the overlap of phased from this information but h also has potentially prime 
power strokes from each cylinder. While cychc varia- utility in another area, control of the engine and associ- 
uons in output torque are also reduced thereby, and ated power drive. 

further reduced by the combined inertia of the engine's A torque sensor having 5 kHz bandwidth capability 
internal moving parts, the strongly impulsive nature of 15 cannot be positioned arbitrarily. While torque is applied 
each cylinder's developed torque is still transmitted to the engine shaft by contact forces at discrete loca- 
through the output shaft Cyclically stimulated tor- dons, it is transmitted axially by continuous stress distri- 
skmal vibrations together with the changing accelera- notions. Transient torque events are not transmitted 
tions of linked reciprocating parts contribute additional instantaneously nor do they remain unaltered along the 
time varying torque components. The magnitude and 20 shaft The finite elasticity and inertia of real shaft mate- 
even the directional sense of this torque is further in flu- rials combine to limit the transmfttable rate of change of 
enced by. variations in operational conditions of the torque. Steep transients trigger oscillatory exchanges of 
vehicle, eg., throttle settings, gear positions, load pick- elastic and kinetic energy (stress waves) which travel 
up, road surface inclination and roughness features. with material and mode dependent characteristic veloc- 
Although the torque on the engine output shaft repre- 25 hies along the shaft The fidelity of the transmitted 
sents the superposition of contributions from this multi- torque is further reduced with distance from its source 
phcity of sources, many are strongly interdependent by the accumulated dissipative effects of internal and 
and their combmation forms an effective signature char- external friction. The sensor must therefore be located 
acterizmg the engine's performance. Salient features of dose enough to the sources) to avoid losing the desired 
this signature would clearly correlate with specific 30 torque information either by attenuation or in back- 
engine events, e.g>, cylinder firings. The absence of a ground "noise*' composed of complex combinations of 
normal feature, its alteration or the development of new interfering and reflecting stress waves, 
features would be a reflection of a dysfunction. The Important sensor requirements are that it be small, at 
nature and extent of the abnormality would be synn> least m the dimension parallel to the shaft axis, that it be 
tomatic of specific engine or drive line difficulties, 35 rugged and that it be free from deteriorating effects of 
While many engine problems arc also detectable by use or time such as wear, corrosion or fatigue. The 
their symptomatic effects on overall performance and- sensor should be amenable to performance verification 
/<* more objectively measurable quantities (eg* mani- and calibration, especially in the event of repair or re- 
fold pressure, compression, noise signature, exhaust gas placement of parts of the torque sensing system, includ- 
analysia), none are as sensitively quantified as torque to 40 ing the engine shaft It should have neglible impact on 
the individual events which together characterize engine and drive line manufacturabflhy, operation and 
proper engine function. Since torque is the effective maintenance and, under no circumstances should the 
product of the engine , no measurements of indirectly failure of the torque sensor have any contingent conse- 
rdated parameters can so clearly identify the source of quences which interfere with the otherwise normal 
inadequate production as can the ineasurenent of 45 operation of the vehicle. 

torque itself. Conventional methods of recovering Another premising and very different application for 
torque data, whether by dynamometer or from mea* the magnetoelastic torque transducers of the present 
surements of unloaded engine acceleration and deceler- invention is their use in hand tools, particularly tools 
ation by procedures involving stepped changes in fad such as screwdrivers, wrenches, and the like, eg., for 
Cow and/or ignition interruption, determine only aver- 50 applying predctennined and pre-set torque to fasteners, 
age values and lack the detail needed for dear diagnosis Torque tods have become widely used and very impor- 
and control. Recovery and analysis of the information tint as industrial production and quality control tools 
contained m the torque signature of the engine output for effecting proper tension on bolts, screws, and the 
shaft enables diagnosis of incipient problems, helps to like, to insure optimum tightness in the assembly of 
avoid unanticipated failures that might limit the servica- 55 products of which these fasteners are a part It is well 
bility of the vehicle at critical times and improves and- known that fasteners have mechanical stress limits 
/or controls the performance and economy of the en- which, if exceeded, cause them to weaken or break, 
gine and its power drive. The key to the problem is the Therefore, torque tools for applying or checking the 
recovery of enough torque information for a meaning- torque levels in fasteners have become indispensable in 
ful analysis. 60 maintaining quality control by eliminating the guess- 

In a 12 cylinder, 4 stroke engine operating at 4000 work which would otherwise be associated with con- 
rpm there are 400 power strokes and (at least) 1600 ventionaJ wrench or screwdriver tightening of assem- 
valving events (openings or closings) every second. bled products. 

Turbine engines run with far smoother power input but Most typically, hand operated torque tools used for 
at speeds up to 500 revolutions per second. To be capa- 65 assembly or disassembly are of the type which can be 
ble of d i s crimm a ting important details of these salient pre-set to the desired torque level When the desired 
events, the torque sensing system must have a reason- torque is reached, the tool cither releases, thereby pre- 
ably flat frequency response up to at least several times venting further torque from being applied, or signals the 
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user, as by a visual indication or audible signal, that the bore 220 are sufficiently close that the shaft fits tightly 

desired torque has been reached. Torque tools which within the bore. The opposite or free end of shaft 204 

automatically release when the desired torque has been has a bit receiving socket 224 rigidly affixed thereto in 

reached have the advantage that overtorquing is not which screwdriver bit 206 is received. Socket 224 is of 

possible, despite inattention of the user. However, the 5 a conventional type and is adapted to securely bold the 

repetitive releasing of the tool on each and every fas- shank portion 226 of bit 206 therewith in in such tight 

tener each t*r»*» the desired torque is reached is discon- engagement that the bit will not rotate relative to the 

certmg and annoying, particularly to the skilled worker, socket. One means for accomplishing this is to utilize a 

wastes time and, therefore, contributes to inefficiency. conventional hexagonal bore, ball and spring socket in 
Tools which provide a visual indication that the desired 10 which a metal ball 228 partially protrudes through the 

torque has been reached, such as by providing an indi- socket waD into the socket bore and is retained m place 

cator dial or lighting a bulb, avoid many of the short- by a spring dip 230 extending carcumfercnoally around 

comings of automatic release tools. However, in many the socket wall for biasing the ball into the socket. The 

situations the location of the fastener b such that the clip forces the ball inwardly into tight engagement with 

user is physically unable to simultaneously apply the 15 the sidewalk of hexagonal bit shank portion 226 to 

torque and view the visual indicator. Therefore, the use securely bold the bit within the socket while the flats of 

of an audible signal to indicate when the desired torque the hexagonal socket bore engage the flats of the bexag- 

has been reached is much to be preferred. onal shank portion 226 to prevent relative rotation. 

In accordance with the present invention there is A magnetociastic torque transducer in accordance 
provided a hand tool for applying torque to a fastener 20 with the present invention is formed on shaft 204 in a 
which, employing the magnetociastic torque tran&duc- region intermediate its ends and, desirably, closely adja- 
ers of the present invention, constantly senses the cent end portion 221 Shaft 204 is formed of ferromag- 
torque being applied and provides an audible signal netic and magnetostrictive material or at least has a 
when a pre-set torque level has been attained. The ferromagnetic and magnetostrictive region in which a 
torque tool of the present invention is well balanced, 25 pair of axially spaced apart circumferential bands 232, 
comfortable to use, rugged and able to sustain abuse, 234 are formed. The bands are endowed, as hereinbe- 
convenient to adjust and maintain, accurate and rett- fore described, with respectively symmetrical, helically 
able, and inexpensive to fabricate. directed magnetic stress anisotropy. In an exemplary 
Referring to FIGS. 10, 11 and 12, one embodiment of form of the invention, the shaft is formed of Unimar 
the torque tool of the present invention is shown gener- 30 300, an 18% nickel maraging steel, which has been 
ally at 200. Tool 200 includes a gripping handle 202 machined from its O250 inch original diameter to pro 
non-rotstabry coupled to shaft 204 such that shaft 204 vide two axially spaced apart regions CL30 inch long and 
rotates with handle 202 as a turning moment is applied 0.200 inch in diameter, separated by an intermediate 
thereto. likewise, the free end of shaft 204 is adapted to shaft portion 236 having an axial length of 0.15 inch and 
non-rotataWy receive a fastener engaging means, such 15 provided with opposite flats for clamping. Following 
as a screwdriver bit 206, such that the turning move- tnachming the shaft is annealed at 815* C to remove 
meat applied to handle 202 is transmitted via shaft 204 internal stresses formed during machining and is then 
to bit 206. Although the torque tool is Prostrated herein air cooled. The shaft is clamped in a vise along interne- 
as a torque screwdriver, it should be understood that diate portion 236 and end 222 of the shaft is twisted in a 
the present invention is equally applicable to any shn> 40 clockwise direction to provide a torsional overstrain in 
laxly operated torque tool Therefore, the fastener en- one of the reduced diameter regions, corresponding to 
gaging means is -not intended to be limited to the con- band 232. The shaft is then repositioned in the vise so 
ventional flat blade screwdriver bit illustrated, but also that the opposite, free end is located where end 222 was 
embraces other suitable bits such as, for example, PhD- originally and the free end is twisted in a counterclock- 
lips head, Allen head, socket head, and the like, 45 wise direction to provide an oppositely directed tor- 
Handle 202 comprises a hollow, generally cylindrical sional overstrain in the other reduced diameter region, 
housing which is advantageously made of electrically corresponding to band 234. Following twisting, the 
non-cotxiuctmg material such as plastic, wood, and the shaft is aged 10 minutes at 480* C 
like, having flats formed on the outer surface thereof to A magnetic discriminator for sensing the permeab3- 
facilhate gripping. Closing the topmost or open end 212 50 ity change of bands 232^34 upon application of a torque 
of handle 201 is a removable cap 208 having an integral to shaft 204 via handle 202 and exemplary indicator 
externally threaded sleeve 210 for screw threadaWy ci r c u i try are illustrated in FIG. 12 (excluding conven- 
engagxng and being held securely by corresponding txmal voltage regulator circuitry to assure a constant 
threads formed within the open end 212 of handle 202* V^), The discriminator includes a pair of coils 238*240 
Handle 202 advantageously tapers at its innermort end 55 formed on a non-oMiducting, e.g^ cardboard sleeve 242, 
214 and includes bore 216 formed in end 214 for com- and positioned in axial locations corresponding to bands 
municating with the hollow interior of the handle. Bore 232 234. A coil cover 272 (see FIG. 11) is desirably 
216 is preferably non-round, cg^ square, rectangular, provided for protecting the coQs when the tool is in use. 
hexagonal, etc. in cross-section, desirably containing a The remainder of the discriminator circuitry as well as 
plurality of flat surfaces, for engaging corresponding 60 the audible indicator and the indicator circuitry are 
flat surfaces of shaft adapter 218 which may be press fit housed wrthm the hollow bore of handle 202. A con- 
within bore 216. One end portion 222 of shaft 204 is ducting metal sleeve 244, closed at one end for housing 
removably received within bore 220 of adapter 218 and battery 246 and providing spring contact 248 as a first 
interlocked therein against rotation relative to the battery tennxnal contact, is positioned adjacent end 212 
adapter. This may be accomplished in many well 65 of handle 202. Axially spaced from battery 246 within 
known ways, such as by providing flats on shaft end handle 202 by non-conducting spring 250 is the en cap- 
portion 222 which engage corresponding flats formed in sulatcd electronics package 252 of the transducer com- 
bore 220 while the diameters of end portion 222 and prising the multivibrator and indicator circuitry illus- 



Xlt> <US_ >882e36Al_L> 



4,882,936 

25 26 

trated io FIG. 1Z A second battery contact 254 and a which includes, in a single hand held unit, the torque 
circumferential sleeve contact 255 are formed on the transducer, all necessary electronics, power source and 
rearmost portion of the encapsulated package adjacent torque indicator. However, in many industrial applies- 
and facing battery 246. A battery connect/disconnect tions it may be more desirable to distribute the opera- 
switch 256 is located in a recess of handle cap 208 and 5 tional and functional features between a hand held por- 
ts mechanically cammed to detent mechanism 258 to tion and a separate stationary portion. Thus, function* 
slide battery 246 and sleeve 244 forward, m the switch airy, the very same torque tool may be embodied in a 
ON position, into electrical contact with contacts 254 wireless system combining a hand tool containing the 
and 255. In the switch OFF position, detent mechanism torque transducer, a power source and such electronics 
256 allows spring 250 to slide battery 246 and sleeve 244 10 as b required to radiate a signal, modulated by the 
rearwardly out of electrical contact with contacts 254 torque, tg^ via infra red or radio frequency, to a nearby 
and 255. Cables 260, 262, 264 extend forwardly from receiver in which is housed such additional electronics 
electronics package 252 via wire harness keyway 266 b as are required to provide the torque indication. In still 
shaft adapter 218 to electricaDy connect coils 238,240 to another form, the same functional torque tool may be 
the corresponding circuitry within electronics package 15 embodied in a wired system combining a hand tool 
252. An applied torque calibration knob 270 for setting containing the torque transducer with mfrijmml local 
the torque at which audible indicator 266 will signal, is electronics which is connected via wire to a control unit 
positioned at a convenient location along the outer containing the power source and such other electronics 
surface of handle 202. Knob 270 is coupled to a potenti- as are required to provide the torque indication, 
o meter P] in the multivibrator and indicator circuitry. 20 The context is clear, whether for engines, power 
In operation of the torque tool of the present inven- drives, machine or hand tools, or other uses, a suitable 
tion an appropriate bit for engaging the fastener to be torque sensor should be an unobtrusive device that is 
torqued is inserted in socket 224, switch 256 is operated difficult to abuse and is capable of reliably recovering 
to the ON position and knob 270 is turned to the appro- much of the torque information available on the torqued 
priate torque setting for the particular fastener. Adjust- 25 shaft None of the heretofore contemplated state of the 
ment of knob 270 alters the resistance of potentiometer art torque transducers can meet these requirements. 
Pi which alters the circuit characteristics and, cone- However, the magnetoelasttc torque sensors of the pres* 
spondingly, the applied torque at which indicator 266 exit invention appear eminently suitable in all respects 
produces an audible signaL Bit 206 is placed in operative and will, for the first time, make inexpensive, reliable 
engagement with the fastener to be tightened (or loos- 30 and sensitive torque sensors available for cotnraerica] 
ened) and handle 202 is rotated in the appropriate direc- implementation, 
tion, thus rotating the fastener. As the fastener tightens, I chum: 

the resistance to turning increases requiring application 1. A hand tool for applying torque to a fastener in- 
of additional torque to overcome the resistance. In the eluding fastener-engaging means, handl e means to 
manner previously described herein, the torque applied 35 which torque is hand-applied and torque carrying 
to handle 202 and transmitted to bit 206 is also present means operatrvdy coupled with said handle means and 
in shaft 204* When torque is applied to shaft 204 the said fastener-engaging means for transmitting the hand- 
magnetic permeability of one band 232,234 increases applied torque to the fastener, said torque carrying 
while the permeability of the other decreases. In the means including a magnetoelasrJc torque transducer, 
multivibrator circuit shown, only one of the transistors 40 said torque carrying means comprising a member hav- 
Qi, Q3 conducts at a time, thus allowing a square wave ing a ferromagnetic and magnetostrictive region formed 
voltage to create a cyclically time varying magnetic of nickel maraging steel, said transducer comprising: 
field for application to the bands 232^34 with the result a pair of axiaUy tpaced-apart annular bands defined 
that the inductance of one cofl 23a\240 Increases while within said region, said bands having respectively 
the inductance of the other decreases. This difference in 45 symmetrical right and left hand helically directed 
inductance produces different voltage signals V), V 2 residual stress created magnetic anisotropy, each 
which enter the operational a mp li fier OA 1, serving as said band having at least one circumferential region 
a comparator, for comparing V 2 and V|. If V* exceeds which is free of residually unstressed areas over at 
Vi, then Vtttt will be positive and indicator 266 wifl least 50% of its drcumferential length; 
produce an audible signaL If Vi exceeds V* then V M 50 means for applying a cyclically time varying mag- 
will be zero and no audible signal wiD be produced. * netic field to said bands; 

Variable potentiometer Pj effectively acts to increase means for sensing the change in permeability of said 

V] while the applied torque increases V 2 . Therefore, if bands caused by said applied torque; 

it is desired to apply a large torque to a fastener, knob means for converting said sensed change in perroea- 

270 is operated to increase the resistance in the Rj cir- 55 bilxty to an electrical signal indicative of the magni- 

cuit, which has the effect of mcreasing V|. With Vj tude of the torque applied to said member; and 

large, Vj, the voltage indication of applied torque, must indicator means responsive to said electrical signal 

even be larger in order for Vj to exceed V| to produce - for providing an indication that a predetermined 

an audible signal Since it requires a large applied torque torque has been applied to said fastener, 

for to be large, H follows that with knob 270 adjusted 60 2. A tool, as claimed in claim 1, wherein each said 

to increase the resist ance contribution of Pi to the Ri band has at least one circumferential region which is 

circuit, the audible signal will not be produced until the free of residually unstressed areas over at least 80% of 

applied torque is large. Conversely, with knob 270 ad- its circumferential length. 

justed to mtirrmrrr the resistance contribution of Pi to 3. A tool, as claimed in claim 1, wherein each said 

the Ri circuit, a smaller applied torque will produce an 65 band has at least one continuous circumferential region 

audible signal which is free of residually unstressed areas. 

The torque tool of the present invention has been 4. A tool, as claimed in claims 1, 2 or 3, wherein said 

described herein as a self-contained, stand alone tool region comprises the surface of said member. . 
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5. A tool, as claimed in claims l v 2 or 3 wherein said difference between said portion and said area resulting 
region is rigidly affixed to the surface of said member. from the application of torque to said member, said 

6. A. tool as claimed in claims 1. 2 or 3 wherein said converting means converting said sensed permeability 
region is formed of 1 8% Ni maraging steel. difference to an electrical signal indicative of the magni- 

7. A tool, as claimed in claims It 2 or 3 wherein the 5 tude of the applied torque. 

magnetic easy axes in said bands are oriented, respec- 17. A tool, as claimed in claim 16, wherein said cir- 

trvcly, at angles of ±20"-60* to the axis of said member. cumferential region is free of residuaily unstressed areas 

g. A hand tool for applying torque to a fastener h> over at least 80% of its circumferential length, 

chiding fastener-engaging means, handle means to 18. A tool, as claimed in claim 16, wherein said por- 

which torque is hand-applied and torque carrying 10 uon h** •* least one continuous circumferential region 

means opcrmtiveiy coupled with said handle means and which is free of residuaily unstressed areas, 

said listener-engaging means for transmitting the hand- 19. A hand tool for applying torque to a fastener 

applied torque to the fastener, said torque carrying including fastener-engaging means, handle means to 

means comprisin g a member including a magnctoelasric which torque is hand-applied and torque carrying 

torque transducer, ferromagnetic, magnetostrictive j 3 means operatrvely coupled with said handle means and 

means associated with said member for altering in mag- said fastener-engaging means for transmitting the hand- 

netic permeability in response to die application of applied torque to the fastener, said torque carrying 

torque to said member, means for applying a cyclically means including a magnetoelastic torque transducer, 

time varying magnetic field to said ferromagnetic mag- said torque carrying means comprising a member bav- 

netostrictive means, means for sensing the change in ^ ing a ferromagnetic and magnetostrictive region, said 

permeability caused by said applied torque, and means transducer comprising: 

for convening 'sud sensed change in permeability to an a pair of axiatty spaced-apart annular bands defined 
electrical signal indicative of the magnitude of the within said region, said bands having respectively 
torque applied to said member, and indicator means symmetrical right and left hand helically directed 
responsive to said electrical signal for providing an „ residual stress crea t ed , controlled magnetic anisot- 
indication that a predetermined torque has been applied ropy of sufficiently large magnitude compared 
to said fastener, the improvement comprising forming with the random magnetic anisotropy in said mem- 
said ferromagnetic, magnetostrictive means from nickel ber that the contribution to total magnetic anisot- 
maraging steel ropy of any random anisotropy is negligible; 

9. A tod, as claimed in claim 8, wherein said fcrro- means for applying a cyclically time varying mag- 
magnetic, magnetostrictive means comprises of the 30 netic field to said bands; 

surface of said member. means for sensing the change in permeability of said 

10. A tool, as claimed in claim 8, wherein said ferro- bands caused by said applied torque; 
magnetic magnetostrictive means » rigidly affixed to means for converting said sensed change in permea- 
the surface of said member. bfliry to an electrical signal indicative of the magni- 

11 A tool, as claimed in claims 8, 9 or 10 wherein said 33 tude of the torque applied to said-member, and 

ferromagnetic, magnetostrictive means is formed of indicator means responsive to said electrical signal 

18% Ni maraging steel for producing an indication that a predetermined 

1Z A tool as claimed in claims 8, 9 or 10 wherein said torque has been applied to said fastener, 

ferromagnetic, magnetostrictive means includes a pair 20. A tool, as claimed in claim 19, wherein said region 

of axiafty spaced-apart annular bands defined there- 40 is formed of nickel maraging steel 

within, said bands having respectively symmetrical 2L A tool, as claimed in claims 19 or 20, wherein each 

right and left hand behcally directed residual stress said band has at least one circumferential region which 

created magnetic anisotropy, each said band having at is free of residuaily unstressed areas over at least 50% of 

least one drcumferential region which is free of residu- its circumferential length. 

ally unstressed areas over at least 50% of its circumfer- 45 21 A tool, as claimed in claim 21, wherein said cir- 

enbal length, said applying means applying said mag- cumferential region is free of resadtiaUy unstressed areas 

netic field to said bands, said sensing means sensing the over at least 80% of its circumferential length, 

change in permeability of said bands caused by said 23. A tod, as claimed in claim 2% wherein each said 

applied torque. band has at least one continuous circumferential region 

13. A tool, as claimed in datm 12, wherein each said 50 which is free of residuaily unstressed areas. 

band has at least one circumferential region which is 24. A tool, as claimed m claim 21, wherein said region 

free of residuaily unstressed areas over at least 80% of comprises the surface of said member. 

its cixxnmiferential length. 25. A tool, as claimed in claim 21, wherein said region 

14, A tool, as claimed m claim 12, wherein each said is rigidly affixed to the surface of said member. 

band has at least one continuous circumferential region 55 26. A tool, as claimed in claims 19 or 20, wherein said 

which is free of residuaily unstressed areas. region comprises the surface of said member. 

15, A tool, as claimed in claim 12, wherein the mag* 27. A tool as claimed in claims 19 or 20, wherein said 
netic easy axes in said bands are oriented, respectively, region is rigidly affixed to the surface of said member, 
at angles of ±20*-60* to the axis of said member. 28. A tool, as claimed in claim 1, 8 or 19, including 

16. A tool, as claimed in claim 8, wherein at least a 60 means for presetting the predetermined torque level at 
portion of said ferromagnetic, magnetostrictive means which said indicator means provides said indication. 

is endowed with helically directed residua) stress ere- 29. A tool, as claimed in claim 1, 8 or 19, wherein said 

a led magnetic anisotropy, at least one circumferential indicator means comprises audible indicator means, 

region of said portion being free of residuaily unstressed 30. A tool, as daimed in claim 1, 8 or 19, wherein said 

areas over at least 50% of its circumferential length, 65 means for applying a cyclically lime varying magnetic 

said applying means applying said magnetic field to said field includes multivibrator circuitry for producing a 

endowed portion and to an area of said member not so substantially square wave voltage signal, 

endowed, said sensing means sensing the permeability • • * * • 
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[57] ABSTRACT 

A magnetostriction type torque sensor has a magneto- 
stricttve film formed on an outer peripheral surface of a 
rotary shaft, a coil having a coil centeriine extending in 
a radial direction of the rotary shaft, and a signal pro- 
cessor responsive to coil impedance. Since the coil in- 
cludes a coil centeriine extending in a radial direction of 
the rotary shaft, magnetic fluxes are formed mainly in a 
radial direction of the rotary shaft. Accordingly, the 
magnetic fluxes intruding deep into the rotary shaft are 
decreased, and the rate of the magnetic fluxes passing 
through the magnetostrictive film is increased. As a- 
result, the magnetosirict ion type torque sensor comes to 
have high sensitivity even when the rotary shaft has 
high magnetic permeability or high electric conductiv- 
ity. 

8 Claims, 9 Drawing Sheets 
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object of the present invention to provide a roagneto- 
MAGNETOSTR1CT10N TYPE TORQUE SENSOR siriction type torque sensor having high sensitivity. 

The above and other objects of the present invention 
This application is a continuation, of application Ser. can be achieved by a magnetostriction type torque sen- 
No. 07/650,052, filed Feb! 4, 1991, now abandoned. 5 sor according to the present invention, the magneto- 

BACKGROUND OF THE INVENTION striction ty P c '?T C * ns ? r comprising: 

a magnetostnctive film formed on an outer peripheral 

1. Field of the Invention surface of a rotary shaft having at least high magnetic 
The present invention relates to a magnetostriction permeability or high electric conductivity; 

type torque sensor. 10 an excitation coil for generating magnetic fluxes pen- 

2. Description of the Prior Art etrating the magnetostnctive film, the excitation coil 
FIG. H illustrates an example of pnor art magneto- disposed on a peripherai surface being adjacent to the 

stnction type torque sensors. The magnetostriction type magnetostnctive film* 

torque sensor comprises magnetostrictive films 91 and a detection coil disposed adjacent to the magnelo- 

92 formed on outer permheral s^ 15 nrictivc fl)m in a manner crossing with the magnetic 

9 excitation coils 93 and 93 disposed around the rotary fluxcs> ^ dctectjon coil inc|udi a ^ ^ ^ 

shaft 9 away from M*e magnet ostnction iUms 91 and 92 wtcnding in a radia] dircction of ^ rotary ^ Md 

by a predeterrnmed dmauce ma radial direction, and a ri , pr0CCS50r for dclecling torqucs of |he rolary 

ET' °" lhC CXCIlat,0n 00,15 20 shaft torn impedance variations of the detection coil 

_ ' . ' The detection coil may be arranged so as to work 

Configurator^ magnetic anisotropics are given to ^ |hc y d hc d * 

the configurations of the magnetostnctive films 91 and -~ wowri _ cf fflt%i maiy . , ^ . MM 
92 so that the magnetostrictive films 91 and 92 arc sub- ™f 1^ pvn ! k i* T .7? 
jected to stresses*acting in direction being opposite to °* y ^ ^ 'liT™* r 

each other. In a magnetic film having positive magneto- 25 "J ° M f an 11 Fc ' Nl *"° y ' 8 plasroa spr8ycd fiUn ™ dc of 
striction, for instance, in the rnagnno^ctive fUm 91 an Fe-Ni alloy or the like. 

subjected to a tensile stress, the magnetic permeability l 11 ! e hl & h Im ? nct,c PC^bibty Jherem shall mean a 
of the magnetostrictive film 91 increases because of the * ,a J ,v f ™gnenc permeability of 500 or more, and the 
inverse magnetostrictive effect. On the other hand, for |electnc conductivity herein shall mean an clectnc 

instance, in the magnetostrictive film 92 subjected to a 30 conductivity of 100 roicro-mho/cm or more, 
compression stress, the magnetic permeability of the Wbcn 8 lor( * uc ,s « crtcd on thc rolarv thc 
magnetostrictive film 92 decreases because of the in- magnetic permeability of the magnetostrictive film var- 
verse magnetostrictive effect Hence, the mutual indue- ie£ * A$ 8 rcsu,t ' lbe ougn«wde of the magnetostrictive 
tances between the excitation coils 93 and the detection ri,m magnetization by the excitation coil, the number of 
coils 94 vary in directions being opposite to each other 35 magnetic flux lines Unking with the detection coil, and 
when an alternating current is applied in the excitation the V0 » ft S e t*iween the both ends of the detection coil 
coils 93 and 93, and accordingly the torques of the varv » this order. 

rotary shaft 9 can be detected from the output voltage particular, since the centerline of the detection coil 

differences between the detection coils 94 and 94. extends in a radial direction of the rotary shaft in the 

However, when detecting the torques of a rotary 40 pr««U invention, the magnetic fluxes are formed 
shaft 9 made of iron, steel or the like having high mag- mamry in a radial direction of the rotary shaft. Accord- 
netic permeability with the prior art magnetostriction in gly, ™»*™\ic flux component passing through the 
type torque sensor, most of the mutual inductances magnetostrictive film is increased. Further, there arises 
between the excitation coils 93 and the detection coils * magnetic resistance influence (i.e., repellencies be- 
94 are generated by the rotary shaft 9 itself, and small 45 tw «* n the lines of the magnetic forces constituting the 
mutual inductance components result from magnetic magnetic fluxes) and the skin effect. Hence, the mag- 
fluxes passing through the magnetostrictive films 91 and n * ic intruding deep into the rotary shaft are 
92, namely most of the magnetic fluxes have passed decreased. As a result, the impedance component of the 
through the rotary shaft 9. Hence, the variation rate of detection coil, resulting from the eddy current loss and 
the mutual inductance resulting from the magnetic per : 50 the hysterisis loss in the rotary shaft, is decreased. Fur- 
meability variation of the magnetostrictive fibn 92 has tber, the inductance component of the detection coil, 
been small. As a result, the prior art magnetostriction resulting from the magnetic fluxes passing through the 
type torque sensor has been suffering from a problem of rotary shaft but not passing through the magnetostric- 
low detection sensitivity or S/N ratio (Le M signal-to- t' v « film* « al«o decreased. 

noise ratio). 55 Thus, the rate of the components, depending on the 

Likewise, when detecting the torques of a rotary magnetic fluxes passing through the magnetostrictive 
shaft 9 made of iron, steel, aluminum alloy, titanium or film, with Tespect to the inductance of the detection coil 
the like having high electric conductivity with the prior is increased, and the inductance variation of the detec- 
an magnetostriction type torque sensor, the impedances tion coil with respect to a predetermined magnetic per- 
of the excitation coils 93 decrease because of the eddy 60 meability variation of the magnetostrictive film is in* 
current loss resulting from alternating magnetic fluxes creased. Eventually, the magnetostriction type torque 
penetrating through the rotary shaft 9. Hence, the prior sensor according to (he present invention comes to have 
art magnetostriction type torque sensor has again exhib- high sensitivity. 

ited deierioraied detection sensitivity or S/N ratio. Further, even when the rolary shaft has the high 

<u\4MAHV op tup iMVFWTinw 65 m^neiic permeability, the rate of the magnetic fluxes 

SUMMARY OF THE INVENTION passing |hfOUgh |he r0|ary shaf| jfc decreascd . and lhe 

The present invention has been developed in order to magneiic modulation caused by magnetic heterogeneity 
solve the above-described problems, ll is therefore an is decreased. Hence, the magnetostriction type torque 
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sensor according to the present invention comes to have herein for purposes of illustration only and are not in- 
higher sensitivity or S/N ratio tended to limit the scope of the appended claims. 

Furthermore eve. when the^drft Fint Embodiment 

electric conductivity, the impedance variation of the 

detection coil resulting from the eddy current loss in the 5 The magnetostriction type torque sensor of the First 
rotary shaft is decreased, and the inductance variation Preferred Embodiment according to the present inven- 
of the detection coO with respect to a predetermined tion will be hereinafter described with reference to 
magnetic permeability variation of the magnctostrictive FIGS. 1 through 4. 

fihn b increased. Hence, the magnetostriction type The magnetostriction type torque sensor comprises 
torque sensor according to the present invention comes ID rnagnetostrictive films 1 and 2 (Not shown in FIG. 1, 
to have higher sensitivity or S/N ratio. see FIG. 1 ) formed on outer peripheral surfaces of a 

. ^„ „ - rotary shall 9, coils 3 and 4 working both as the excita- 

BR1EF DESCRIPTION OF THE DRAWINGS tion ^ wd ^ detection coil and disposed adjacent to 

A more complete appreciation of the present inven- the rnagnetostrictive films 1 and 2, and a signal proces- 
tkm and many of its advantages will be readily obtained 15 sor 5 (See FIG. 4. ) for detecting the differences be- 
as the same becomes better understood by reference to tween the self-inductances of the coils 3 and 4. 
the following detailed description when considered in The rotary shaft 9 is made of a carbon steel rod hav* 
connection with toe accompanying drawings and de- mg a diameter of 2 cm. The rnagnetostrictive films 1 and 
tailed specification, all of which forms a part of the 2 are made of a sputtered film comprising 40% by 
disclosure: ' * 20 weight of Fe and 60% by weight of Ni, and formed in 

FIG. 1 is a plan view illustrating coils 3 and 4 em- a size of approximately 10 micrometers in film thickness 
ployed by • magnetostriction type torque sensor of a and 4 mm in width. As illustrated in FIG. 2, the magne- 
First Preferred Embodiment according to the present tostrictive film 1 is formed to have a left lead angle of 45 
invention; degrees with respect to the centra) axis of the rotary 

FIG. 2 is a perspective view illustrating magneto- 25 shaft 9 and to include a plurality of band films la d in- 
structive films 1 and 2 employed by the magnetostriction posed obliquely at predetermined intervals, and the 
type torque sensor of the Fint Preferred Embodiment rnagnetostrictive film 2 is formed to have a right lead 
according to the present invention; angle of 43 degrees with respect to the central axis of 

FIG. 3 is a cross sectional view illustrating an ar- the rotary shaft 9 and to include a plurality of band films 
rangement of the coil B in a peripheral direction; 30 to disposed obliquely at predetermined intervals. The 

FIG. 4 is an electric circuit block diagram of a signal band films U and 2a are designed to have a width of 3 
processor 5 employed by the magnetostriction type mm, and the intervals between the neighboring band 
torque sensor of the First Preferred Embodiment ac* films la and the intervals between the neighboring band 
cording to the present invention; films 2a are designed to have a width of 1 mm. 

FIG. 5 is a characteristic curve illustrating the rela- 35 The coils 3 and 4 are independently disposed on outer 
tionship between output voltages "V* and torques ex- peripheral surfaces of coil bobbins 30 and 40 (Not 
bibited by the magnetostriction type torque sensor of shown m FIG. 1, see FIG. 3.) in a saddle-like configura- 
the First Preferred Embodiment according to the pres- tion. As illustrated in FIG. 3, the coil bobbins 30 and 40 
ent invention; are made of a resin, and disposed around the rotary 

FIG. 6 is a schematic diagram illustrating a distribu* 40 shaft 9 away from the rnagnetostrictive films 1 and 2 by 
tion of magnetic fluxes exhibited by the magnet ostric- a small clearance. The coils 3 and 4 are wound 200 
tion type torque sensor of the First Preferred Embodi- turns, and have a coil width of 20 mm in an axial agree- 
ment according lo the present invention; tion, respectively. Further, a clearance 4 *d" (See FIG. I. 

FIG. 7 is a schematic diagram illustrating a distribu- ) in a peripheral direction is designed to be 2 mm, and 
tion of magnetic fluxes exhibited by a conventional 45 clearances between the coils 3 and the rnagnetostrictive 
magnetostriction type torque sensor. film 1 and clearances between the coils 4 and the mag- 

FIG. 9 is a perspective view illustrating a magneto- netostrictive film 2 are designed to be 1 mm. 
striction type torque sensor of a Third Preferred Em- The coils 3 and 4 are identical. In order to better 
bodiment according to the present invention; understand the terminology used herein, reference 

FIG. 9 is a perspective view illustrating a magneto- SO should be had to FIG. 12 showing in perspective the 
striction type torque sensor of a Fourth Preferred En> coil 3 removed from the shaft 9. The small arrows indi- 
bodiment according to the present invention; cate the path followed by the wire constituting the 

FIG. 10 is a plan view illustrating coils 3 and 4 em- winding of the coil. While not shown, the ends of the 
ployed by a magnetostriction type torque sensor of a wire are brought out for connection to the detection 
Second Preferred Embodiment according to the pres- 55 circuit described below. As clearly seen in FIG. 12. the 
em invention; coil structure is saddle shape, having been formed into a 

FIG. 11 is a perspective view of a conventional mag- cylindrical configuration about an axis identified as the 
netosiriction type torque sensor; "AXIS OF CYLINDRICAL STRUCTURE." If the 

FIG. 12 is a perspective view of a coil employed hi coil 3 were to be developed, the development would 
the embodiment of FIG. 1 but removed from the shaft; 60 appear as a rectangle as shown in FIG. 13. It should be 
and obvious that the wire windings of the coil, following the 

FIG. 13 is a development view of the coil of FIG. 12. small arrows, encircle a center which has been identi- 

nFTAlLFD DESCRIPTION OF THE flCd m " CENTER 0F RECTILINEAR WIND- 

™i^?o^^^rA^w^c ING imaginary line passing through that "cen- 

PREFERRED EMBODIMENTS 63 lcr norma , , Q , hc pUne of {he i$ rffcrrc d to 

Having generally described the present invention, a herein as the cemerline of the coil. It can be thought of 
further understanding can be obtained by reference to as the magnetic axis of the coil, a center of magnetic 
the specific preferred embodiments which are provided symmetry. 
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With reference to FIG. 4, the signal processor 5 will mainly in a radial direction of the rotary shaft 9 in ihe 

be hereinafter described along with the operation of the magnetostriction type torque sensor of the First Pre- 

magnetostriction type torque sensor of the First Pre- ferred Embodiment. 

ferred Embodiment according to the present invention. Hence, the magnetic fluxes are localized on the pe- 

The signal processor 5 comprises i dual magnetic core 5 ripherai portions of the rotary shaft 9 in the magneto- 

multivibrator type oscillator circuit 51, tuning amplifh striction type torque sensor of the First Preferred Em- 

ers 52a and 526, detection circuits 530 and 536, low-pass bodiment according to the present invention. As a re- 

filters 54a and 546 and a differential amplifier 55. suit, the impedance variations of the coils 3 and 4 are 

Two (2) input terminals of the oscillator circuit 51 arc increased, thereby achieving a high sensitivity. The 
connected to one ends of the coils 3 and 4, and the other 10 impedance variations result from the magnetic perinea- 

end of the coils 3 and 4 are connected to a high voltage bility variations of the magnet ostrictive films 1 and 2 

electric power source "£**- The oscillator circuit 51 caused by the internal stresses of the rotary shaft 9. 

includes an astable multivibrator employing transistors , _ u 

"Trl" and *Tr2." The coils 3 and 4 constitute collector p " fOTcd Embodiment 
loads of the transistors "Trl** and Tr2" independently. 15 Modified versions of the magnetostriction type 

The emitters of the transistors *Trl" and *Tr2" are torque sensor of the First Preferred Embodiment ac- 

grounded by way of emitter resistors M R1" and "R2" cording to the present invention will be hereinafter 

independently, and are also grounded by way of a 5-ter- described with reference to FIGS. 8 through 10. The 

mina! sliding resistor "Vr." configurations and dispositions of the coils 3 and 4 are 

The oscillator circuit 51 oscillates at a predetermined 20 modified in the following preferred embodiments, but 

frequency "fl" in a pulsating manner, and pulsating the arrangements of the other constituents are identical 

currents are applied to the collectors of the transistors with those of the First Preferred Embodiment 

"Trl" and M Tr2." The internal stresses of the rotary The magnetostriction type torque sensor of the Sec* 

shaft 9 vary the magnetic permeabilities of the magneto* ond Preferred Embodiment according to the present 
strictive films 1 and 2 in opposite directions, namely one 25 invention will be hereinafter described. Turning now to 

in an increasing direction and the other in a decreasing FIG. 10, the coil 3 of the magnetostriction type torque 

direction, thereby modulating the self-inductances of sensor includes twelve (12) unit coils "C" disposed in 

the coils 3 and 4. As a resuh, both of the collector cur- rotation symmetry and connected in series. The unit 

rents, Le., pulsating currents, undergo an amplitude coils "C" contacting and neighboring are wound in 
modulation because of the magnetic permeability varia- 30 directions being opposite to each other as indicated by 

tions of the magnetostrictive films 1 and 2. Both of the the directions of electric current shown in FIG. 10. The 

collector currents subjected to the amplitude rnodula- coil 4 has an arrangement equivalent thereto. Naturally, 

tion vary the emitter voltages "Vel~ and "VeT* when the coil ccnterltnes of the unit coils M C extend m a 

flowing over the emitter resistors "Rl" and "JU." Here, radial direction of the rotary shaft 9. In the magneto- 

the 3-termina) sliding resistor **Vr" is a resistor for ad- 35 striction type torque sensor of the Second Preferred 

justing the zero point. Embodiment, the unit coils "C" constituting the coils 3 

The emitter voltages M Vel" and "Ve2** are amplified and 4 may be collectively wound on coil bobbins 30 and 
around the frequency "fl" fi.e., the center frequency) 40 m an overlapping winding manner or a wave wind- 
by the tuning amplifiers 52j and 526. The output volt- ing manner, such as a coil winding manner in a motor, 
ages from the tuning amplifiers 52a and 526 are then 40 Since the magnetostriction type torque sensor of the 
detected by the detection circuits S3a and 536, and the Second Preferred Embodiment according to the pres- 
components of the carrier wave frequency M flP in the ent invention thus arranged operates and effects advan- 
detected voltages are out independently by the low-pass tages similarly to the First Preferred Embodiment, the 
filters 54a and 546. Finally, the differences between the operation thereof will not be described herein, 
output voltages from the low-pass filter 54<j and the 45 

output voltages from the low-pass filter 546 are ampK- Tbird PrcrCTTcd Embodiment 

fied by the differentia) amplifier 55, and made into an Turning now to FIG. 8, the magnetostriction type 

output voltage **V." torque sensor of the Third Preferred Embodiment ac- 

A characteristic curve, illustrating the relationship cording to the present invention will be hereinafter 

between the output voltages "V" thus obtained and the 50 described. As illustrated in FIG. 8, there are provided 

torques of the rotary shaft 9, is illustrated m FIG. 5. clearances between the unit coils "C neighboring each 

When obtaining the characteristic curve, the carrier other in a peripheral direction in the magnetostriction 

wave frequency "fl** and the electric current applied to type torque sensor of the Third Preferred Embodiment, 

the coils 3 and 4 are designed to be 34 KHz and 100 m A In the magnetostriction type torque sensor of the Third 

in the signal processor 5 respectively, and accordingly 55 Preferred Embodiment, the coil center lines of the unit 

the overall amplification factor of the signal processor is coils "C" naturally extend in a radial direction of the 

designed to be 40 dB. rotary shaft 9, but it is not necessary to wind the unit 

A schematic diagram illustrating a distribution of coils **C" neighboring each other in directions opposite 

magnetic fluxes exhibited by the magnetostriction type to each other. 

torque sensor of the First Preferred Embodiment ac- 60 Since the magnetostriction type torque sensor of the 
cording to the present invention is illustrated in FIG. 6, Third Preferred Embodiment according to the present 
and a schematic diagram illustrating a distribution of invention thus arranged operates and effects advantages 
magnetic fluxes exhibited by the conventional magneto- similarly to the First Preferred Embodiment, the opera- 
strict ion type torque sensor (See FIG. 11.) is illustrated tion thereof will not be described herein, 
in FIG. 7. It is apparent from FIGS. 6 and 7 that the 65 _ . „ r , _ . 
magnetic fluxes extend mainly in an axial direction of Four,h ^ferred Embod.mcni 
the rotary shaft 9 in the conventional magnetostriction As illustrated in FIG. 9, the unit coils "C* of the coils 
type torque sensor, and that the magnetic fluxes extend 3 and 4 are formed in a circular shape in the magneto- 
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striction type torque sensor of the Fourth Preferred 
Embodiment. Also in the magnetostriction type torque 
sensor of the Fourth Preferred Embodiment, the coil 
center lines of the unit coils ^C* naturally extend in a 
radial direction of the rotary shaft 9. 

Since the magnetostriction type torque sensor of the 
Fourth Preferred Embodiment according to the present 
invention thus arranged operates and effects advantages 
similarly to the First Preferred Embodiment, the opera- 
tion thereof wifl not be described herein. 

Having now fully described the present invention, it 
will be apparent to one of ordinary skill in the art that 
many changes and modifications can be made thereto 
without departing from the spirit or scope of the present 
invention as set forth herein including the appended 
claims. 

What is claimed is: 

1. A magnetrostriction type torque sensor comprising 
in combination: 

a magnetostrictive film formed over a given surface 20 
area on an outer peripheral surface of a rotary shaft 
formed from a material having at least high mag* 
netic permeability or high electric conductivity; 

i coil having a cenierltne about which its windings 
are wound to form said coil, said coil being dis- 25 
posed adjacent said magnetostrictive film with said 
centerline oriented radially relative to said rotary 
shaft, said coil being provided with a cylindrical 
curvature but being non-helical and disposed sub- 
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6. A magnetostrictive type torque sensor comprising 
in combination: 

a magnetostrictive film formed over a given surface 
area on an outer peripheral surface of a rotary shaft 
formed from a material having at least high mag* 
netic permeability or high electric conductivity; 

a coil having a centerline about which its windings 
are wound to form said coil, said coil being dis- 
posed adjacent said magnetostrictive film with said 
center line oriented radially relative to said rotary 
shaft said coil being provided with a cylindrical 
curvature but being non-helical and disposed sub- 
stantially concentric with but radially spaced sub- 
stantially uniformly from said peripheral surface of 
said shaft; and 

impedance measuring means including a source of 
alternating current coupled to said cot) for provid- 
ing a torque proportional signal output responsive 
to variations in the impedance of said coil resulting 
from shaft torque induced variation in permeability 
of said magnetostrictive film, 

said coil including a plurality of unit coils connected 
in series and disposed in a cylindrical array with 
adjacent unit coils in side by side contact and 
wound in opposite directions, 

7. A magnetostrictive type torque sensor according 
to claim 6, wherein said given surface area extends 
completely around said shaft, and said coil extends cir- 
cumferenriaJly substantially entirely about said shaft. 



stantially concentric with but radially spaced sub- 30 and extends in the shaft axial direction substantially 



stantially uniformly from said peripheral surface of 
said shaft; and 
impedance measuring means including a source of 
alternating current coupled to said coil for provid- 
ing a torque proportional signal output responsive 35 
to variations in the impedance of said coil resulting 
from shaft torque induced variation in permeability 
of said magnetostrictive film. 

2. A magnetostrictive type torque sensor according 

to claim 1, wherein said coil is wider in the circumferen- 40 
tia) direction of said shaft than in the axial direction of 
said shaft. 

3. A magnetostrictive type torque sensor according 
to claim 1, wherein said given surface area extends 
completely around said shaft and said coil extends cir- 
cumferemially more than half way around the periph- 
ery of said magneiostrictive film. 

4. A magnetostrictive type torque sensor according 
to claim 1, wherein said coil has a rectilinear shape 
when viewed radially of said shaft with two sides ex- 
tending drcumferentialry relative to said shaft 

5. A magnetostrictive type torque sensor according 
to claim 1, wherein said given surface area extends 
completely around said shaft, and said coil extends cir- 
cumferential] y substantially entirely about said shaft, 55 
and extends in the shaft axial direction substantially 
extensively with said given surface area. 



43 



30 



coextensively with said given surface area. 

I. A magnetostrictive type torque sensor comprising 
in combination: 
a magnetostrictive film formed over a given surface 
area on an outer peripheral surface of a rotary shaft 
formed from a material having at least high mag* 
netic permeability or high electric conductivity; 
a coil having a centerline about which its windings 
are wound to form said coil, said coil being dis- 
posed adjacent said magnetostrictive film with said 
centerline oriented radially relative to said rotary 
shaft, said coil being provided with a cylindrical 
curvature but being non-helical and disposed sub- 
stantially concentric with but radially spaced sub- 
stantially uniformly from said peripheral surface of 
said shaft; and 
impedance measuring means including a source of 
alternating current coupled to said coil for provid- 
ing a torque proportional signal output responsive 
to variations in the impedance of said coil resulting 
from shaft torque induced variation in permeability 
of said magnetostrictive film, 
said given surface area extending completely around 
said shaft, and said coil consisting of a single sad- 
dle-shaped winding substantially completely i 
cling said shaft. 
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© Torque sensor. 



© In a torque sensor of a noncontact type, a pair of 
amorphous magnetic ribbons (12. 13) are bonded to 
a shaft (11) to which a rotary torque is applied. A 
pair of coils (28, 29) are wound around the shaft (11) 
and an alternative magnetic field is applied from the 
coils (28, 28) to the magnetic ribbons (12, 13) along 
the axis of the shaft (11). A permanent magnet (23) 
and yokes (19 t 21) are located around the shaft (11) 
and a bias magnetic field is also applied from the 
magnet (23) to the magnetic ribbons (12, 13) through 
the yokes (19, 21). 
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Torque sensor 



The present invention relates to a torque sen- 
sor tor sensing a torque applied to a shaft, by 
utilizing a magnetostriction effect. 

Various types of torque sensors for sensing a 
torque applied a shaft (hereinafter, called "shaft 
torque m ) are well known . For example, USP 
4,627,298 (Sahashi et al.) discloses a torque sensor 
utilizing a magnetostriction effect of a magnetic 
metallic ribbon having an Induced magnetic an- 
isotropy, Japanese Patent Publication (Kokoku) No. 
62-28413 discloses a torque sensor employing an 
amorphous magnetic metallic ribbon as a magnetic 
metallic ribbon and utilizing a magnetostriction ef- 
fect of the amorphoHS magnetic metallic ribbon. In 
this type of torque sensor utilizing a magnetostric- 
tion effect of a magnetic metallic ribbon, a mag- 
netic metallic ribbon having a large magnetostric- 
tion effect is fixed on the outer periphery a rotating 
shaft, and a coil is arranged near the metallic 
ribbon such that the coil does not contact the shaft 
The permeability of the magnetic metallic ribbon, 
which is caused by a torque applied to the shaft is 
changed. A resultant change in impedance of the 
coil or a change in induced voltage is detected. 
Based on the detection signal, the shaft torque is 
sensed. Thus, the torque can be sensed without 
bringing the sensor Into contact with the shaft, and 
the sensor can be provided on a shaft which is 
already assembled in an apparatus. In addition, the 
direction of the torque applied to the shaft can 
easily be detected by suitably arranging on the 
shaft two or more magnetic metallic ribbons having 
induced magnetic anisotropy. 

However, this type of torque sensor utilizing 
the magnetostriction effect of the magnetic metaflic 
ribbon has the following problem. That is, the 
torque can be accurately sensed in a space free 
from an external magnetic field, e.g.. in a labora- 
tory. However, in a space having an externa! mag- 
netic field which is variable, the sensitivity of detec- 
tion varies depending on the external magnetic 
field. Thus, the torque cannot be sensed exactly. In 
addition, in the case where the shaft is made of a 
ferromagnetic body, the shaft is magnetized by the 
external magnetic field or a magnetic field pro- 
duced by the coil of the torque sensor, and the 
magnetization of the shaft deteriorates the sensitiv- 
ity of detection. 

An object of the present invention is to provide 
a torque sensor which can maintain high detection 
sensitivity and can always sense a torque accu- 
rately. 

Another object of the invention is to provide a 
torque sensor which can always sense a torque 
accuratefy with high detection sensitivity and with 



no inlluence from an external magnetic field. 

Still another object of the invention is to pro- 
vide a torque sensor which can always sense a 
torque accurately with high detection sensitivity. 

5 even if a shaft to be subjected to torque detection 
is made of a magnetic material. 

The present invention can provide a torque 
sensor of a noncontact type for sensing a rotary 
torque applied to a shaft having an axis, the sensor 

to comprising: 

a first magnetic ribbon bonded to the shaft along 
the circumferential direction of the shaft said rib- 
bon comprising a magnetic material having an in- 
duced magnetic anisotropy in a direction of an 

is angle a in respect to the axis of the shaft; 

means for generating an alternative magnetic field 
along the shaft and applying the magnetic field to 
said magnetic ribbon: 

means for generating a constant biasing magnetic 
20 Meld along the shaft and applying the biasing mag- 
netic field to said magnetic ribbon; and 
means for detecting the magnetic fields passing 
through said magnetic ribbon to generate an output 
signal. 

25 Further, this invention provides a torque sensor 
of a noncontact type for sensing a rotary torque 
applied to a shaft having an axis, the sensor com- 
prising: 

a first amorphous magnetic ribbon bonded to the 
so shaft along the circumferential direction of the 
shaft, said ribbon comprising a magnetic material 
having an induced magnetic anisotropy in a direc- 
tion of an angle a in respect to the axis of the 
shaft 

as means for generating an alternative magnetic field 
along the shaft and applying the magnetic field to 
said magnetic ribbon; 

means for generating a constant biasing magnetic 
field along the shaft and applying the biasing mag- 
40 netic field to said magnetic ribbon; and 

means for detecting the magnetic fields passing 
through said magnetic ribbon to generate an output 
signal. 

Furthermore, this invention provides a torque 
45 sensor of a noncontact type for sensing a rotary 
torque appied to a shaft which has an axis and is 
made of a magnetic material, the sensor compris- 
ing: 

a first magnetic ribbon bonded to the shaft along 
so the circumferential direction of the shaft, said rib- 
bon comprising a magnetic material having an in- 
duced magnetic anisotropy in a direction of an 
angle a in respect to the axis of the shaft, 
a second magnetic ribbon arranged close to said 
first magnetic ribbon and bonded to the shaft along 
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the circumferential direction of the shaft, said sec- 
ond ribbon comprising a magnetic material having 
an induced magnetic anisotropy in a direction of an 
angle -a in respect to the axis of the shaft 
means for generating an alternating magnetic field 
along me shaft and applying the magnetic field to 
said magnetic ribbon; 

means for generating a constant biasing magnetic 
field along the shaft and applying the biasing mag- 
netic field to said magnetic ribbon; and 
means for detecting the magnetic fields passing 
through said magnetic ribbon to generate an output 
signal. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

Rg. 1 shows a vertical cross section of a 
detection section of a torque sensor according to 
an embodiment of the present invention; 

Fig. 2 shows a circuit structure of a signal 
processing section connected to the detection sec- 
tion shown in Rg. t; 

Fig. 3 is a graph showing the relationship 
between a torque and an output in the sensor 
shown in Figs. 1 and 2; 

Rg. 4 is a graph showing the relationship 
between the intensity of a DC biasing magnetic 
field and a torque detection sensitivity; 

Rg. 5 i6 a vertical cross section of a detec- 
tion section of a torque sensor according to another 
embodiment of the invention; and 

Rg. 6 shows a circuit structure of a signal 
processing section connected to the detection sec- 
tion shown in Fig. 5. 

Fig. 1 shows detection section 1 of a torque 
sensor according to an embodiment of the present 
invention, and Rg. 2 shows signal processing sec- 
tion 2 connected to detection section 1. In Fig. 1, 
shaft 11 for transmitting a torque is made of a 
ferromagnetic material in a cylindrical shape. A pair 
of amorphous magnetic metallic ribbons 12 and 13 
are bonded to shaft 11 around Its outer periphery. 
Rrst ribbon 12 has a uniaxial magnetic anisotropy. 
The direction of the magnetic anisotropy of first 
ribbon 12 is inclined to the axis of shaft 11 by an 
angle a. Similarly, second ribbon 13 has a uniaxial 
magnetic anisotropy. The direction of the magnetic 
anisotropy of second ribbon 12 is inclined to the 
axis of shaft 11 by an angle -a. 

Shaft 11 is Inserted into non-magnetic cylin- 
drical housing 14 which is fixed on a stationary 
base. Amorphous magnetic metallic ribbons 12 and 
13 are arranged in a space within housing 14. Shaft 
11 is supported by bearings 15 and 16 are ar- 
ranged at both end portions of the inner surface of 
housing 14. Biasing magnetic field applying source 
17 for appJying a biasing magnetic field along shaft 



11 is fixed in a space within housing 14 which is 
defined by bearings 15 and 16. Biasing magnetic 
field applying source 17 comprises ferromagnetic 
ring-shaped yokes 19 and 21, ferromagnetic cylin- 

5 drical yoke 23, and ring-shaped permanent mag- 
nets 22 and 24. Yokes 19 and 21 have pole-faces 
18 and 20 which face the peripheral surface of 
shaft 11. Permanent magnets 22 and 14 and yoke 
23 are arranged between a side face of a periph- 

70 era! part of yoke 19 end a side face of a peripheral 
part of yoke 21. Permanent magnets 22 and 24 are 
magnetized In a direction along the axis of shaft 
11. In biasing magnetic field applying source 17, a 
magnetic flux generated from ring-shaped perma- 

15 nent magnets 22 and 24 passes through any one 
of yoke* 19, 21 and 23 and one of pole-faces 18 
and 20, flows through shaft 11, and crosses amor- 
phous magnetic metallic ribbons 12 and 13. Then, 
the magnetic flux returns to permanent magnets 22 

20 and 24 through the other of pote-faces 18 and 20 
and any of yokes 19, 21 and 23. Non-magnetic 
cylindrical coil bobbin 25 is clamped in the axial 
direction between a side face of an inner part of 
yoke 19 and a side face of an inner part of yoke 

25 21. Circumferentially extending grooves 26 and 27 
are formed in the outer peripheral surface of coil 
bobbin 25. Colls 28 and 29. which have the same 
number of windings and generated an alternating 
magnetic field for torque detection along shaft 11, 

so are mounted in grooves 26 and 27. Coils 28 and 29 
face amorphous magnetic metallic ribbons 12 and 
13. Line terminals 30 and 31 of coils 28 and 29 are 
led to the outside through holes made in yokes 23 
and housing 14. Yokes 19, 21 and 23, permanent 

36 magnets 22 and 24, coil bobbin 25. and coils 28 
and 29 are fixed within housing 14 such that these 
elements are immovable in the axial direction in the 
following manner. At first, yoke 21 is engaged with 
engaging projection 32 formed on the inner face of 

40 housing 14. Then, permanent magnet 24 is moun- 
ted. Thereafter, coil bobbin 25 having colls 28 and 
29 and yoke 23 having holes, into which line termi- 
nate 30 and 31 are inserted, are mounted within 
housing 14. Permanent magnet 22 and yoke 19 are 

46 mounted within housing 14. Finally, an outer race 
of bearing 15 is fixed on housing 14 via spacer 33 
are guided to the outside through the hole of hous- 
ing 14. In Fig, 1, reference numerals 34 and 35 
indicate stop rings for fixing inner races of bearings 

so 15 and 16. 

As shown in Fig. 2. in signal processing section 
2. a bridge circuit is constituted by coils 28 and 29 
and resistors 41 and 42. Input terminals of the 
bridge circuit are connected through variable resis- 

65 tors 43 and 44 for balance adjustment and switch 
52 to an output terminal of AC oscillator 45 for 
producing a high frequency voltage signal of, for 
example, 100 KHz. A node between coll 28 and 
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resistor 41 and a node between coil 29 and resistor 
42 are connected to differentia) amplifier 46. Thus, 
midpoint potentials of the bridge circuit are input to 
differential ampHfier 46. and an output of differential 
amplifier 46 is supplied to synchronized detector 
47. A high-frequency power source voltage gen- 
erated from power source 45 is supplied, as a 
reference wave, to phase signal setting device or 
synchronized signal generator 48. A reference 
phase signal supplied from phase signal setting 
device 48 is sent to synchronized detector 47. 
Synchronized detector 47 detects and rectifies an 
output of differentia] amplifier 46 with the use of the 
reference phase signal. An output of synchronized 
detector 47 is smoothed by filter 49 and is output 
as DC output VO. 

The operation of the torque sensor having the 
above structure will now be described. 

Resistors 43 and 44 are preadjusted so that the 
output amplitude of differential ampHfier 46 de- 
creases to a minimum. When torque T is appRed to 
shaft 11. amorphous magnetic metallic ribbons 12 
and 13 on shaft 11 are distorted by the influence of 
torque T. As a result, the magnetic permeability of 
ribbons 12 and 13 is changed by the magnetostric- 
tion effect .As stated above, ribbons 12 and 13 
have uniaxial magnetic anisotropy which faciBtates 
magnetization in directions inclined by a and -a in 
respect to the axis of shaft 11. In the case where 
the angle a is about 45 , when torque T Is applied 
to shaft 11. the axis of easy magnetization is 
changed to the direction of surface stress produced 
in shaft 11 by torque T. As shown in Fig. 1, when 
torque T Is appfed to shaft 11, a tensile stress is 
produced in ribbon 12 and a compressive stress is 
produced in ribbon 13. Thus, the magnetostriction 
effect Is efficiently brought about in ribbons 12 and 
13. so that the magnetic permeability of ribbon 12 
increases and the magnetic permeability of ribbon 
13 decreases, hn accordance with a variation in 
permeability, the impedances of colls 28 and 29 
change. As a result, as shown In Fig. 3, the output 
VO of signal processing section 2 changes depend- 
ing on the intensity and direction of torque T. and 
the torque applied to shaft 11 is sensed. The 
principle of detection in this type of torque sensor 
is described in detail in USP 4.627,298 (Sahashi, et 
aJ.). 

The torque sensor shown in Fig. 1 Is provided 
with biasing magnetic field applying source 17 
which uses permanent magnets 22 and 24 as a 
magnetic field generation source. Since both per- 
manent magnets 22 and 24 are magnetized along 
the shaft, the magnetic flux of permanent magnets 
22 and 24 flows through a path including magnet 
22. yoke 19. pole-face 18. shaft 11, pole-face 20, 
yoke 21, magnet 24. yoke 23 and permanent mag- 
net 19. Thus, a DC biasing magnetic field, as well 



as a torque detection magnetic field, is applied to 
ribbons 12 and 13. The inventors confirmed by 
experiments that the application of a DC biasing 
magnetic field can keep the detection sensitivity at 

s a constant value. Namely, the dimensions of rib- 
bons 12 and 13 are determined such that the width 
W of each of ribbons 12 and 13 in the axiaJ 
direction of shaft 11 is set to be smaller than the 
length L of each of ribbons 12 and 13 in the 

10 circumferential direction of shaft 11 (W < I). Fig. 4 
shows variations in torque detection sensitivity for 
torque T of a torque sensor, in which shaft 11 is 
formed of a ferromagnetic material or carbon steel 
for mechanical structure (JIS S45C) so as to have a 

75 diameter of 25 mm. when the intensity of the DC 
biasing magnetic field applied to ribbons 12 and 13 
is changed. In Fig. 4. the abscissa indicates the 
intensity of the DC biasing magnetic field, and the 
ordinate indicates the torque detection sensitivity 

20 calculated in terms of the value of the signal input 
to differential amplifier shown in Fig. 2. As seen 
from Fig. 4. when the intensity and direction of the 
DC biasing magnetic field are changed, the torque 
detection sensitivity changes. Also, when the volt- 

25 age applied to the bridge circuit is changed, the 
torque detection sensitivity changes. As shown in 
Fig. 4, when the intensity of the biasing magnetic 
field is close to zero, i.e., -10 to 30 Oe, the torque 
detection sensitivity changes greatly. In the case 

30 where an external disturbance magnetic field is 
applied as a biasing magnetic field, or shaft 11 is 
magnetized by an excessive current produced at 
the time of the operation of switch 52, the torque 
detection sensitivity of the torque sensor changes. 

35 In other words, even if the same torque is applied 
to shaft 11, the torque sensor produces detection 
outputs of different levels, which indicate that Dif- 
ferent torques are applied to shaft 11. On the other 
hand, as seen from Fig. 4. when a DC biasing 

40 magnetic field having an intensity of 40 Oe or 
above, the torque detection sensitivity is substan- 
tially constant and stable. In this case, if the inten- 
sity of the DC biasing magnetic field is set to -40 
Oe or thereabouts, the torque detection sensitivity 

46 is unchanged even if an external magnetic field is 
applied or shaft 11 is magnetized. In Fig. 4, the 
torque detection sensitivity is lowest when a DC 
biasing magnetic field of +10 to +20 Oe is ap- 
plied. This phenomenon is considered to result 

so from the fact that the shaft is made of ferromag- 
netic material and is magnetized prior to the ex- 
periment, in consideration of the fact that the ex- 
periment was not performed under the condition in 
which an external disturbance magnetic field is 

ss applied to the sensor. In the case where the shaft 
is not magnetized or the shaft is made of non- 
magnetic material, the detection sensitivity is low- 
est at the value of 0 Oe or thereabouts. 
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Since biasing magnetic field applying source 
17 is provided for applying a DC biasing magnetic 
field to amorphous magnetic metallic ribbons 12 
and 13, the torque detection sensitivity can be kept 
substantially constant by the application of the DC 
biasing magnetic field having an intensity of a 
predetermined value or above. Therefore, the shaft 
torque can be precisely sensed. 

Another embodiment of the torque sensor of 
the present invention will now be described with 
reference to Rgs.5 and 6. Fig. 5 shows detection 
section la of the torque sensor, and Rg. 6 shows 
signal processing section 2a of the torque sensor. 
In Rgs, 5 and 6, the reference numerals already 
used In Rgs. 1 and 2 denote the same elements as 
shown in Rgs. 1 and 2. A description of these 
elements may be omitted. The sensor shown in 
Rg. 5 is not provided with yoke 23, permanent 
magnet 22r or permanent magnet 24. Instead, In 
this sensor, coil 50 serving as biasing magnetic 
field applying source 17a for generating a biasing 
magnetic field is mounted on the outer peripheral 
surface of coil bobbin 25a. Signal processing sec- 
tion 2a Is provided wtth DC power source 51 for 
exciting coil 50. 

tn this sensor, the same advantages as is ob- 
tained in the above embodiment can be obtained, 
since a desired DC biasing magnetic field can be 
applied to amorphous magnetic metallic ribbons 12 
and 13. 

In the above two embodiment, shaft 11 is 
made of ferromagnetic material and Is made hoi* 
low. However, shaft 11 may be solid, and may be 
made of non-magnetic material. The magnetic field 
generation source of the biasing magnetic field 
applying source may have one permanent magnet, 
or three or more permanent magnets. An AC ex- 
citation coil may be provided to produce a potential 
difference between coils 28 and 29 as an output 
signal- The length of each amorphous magnetic 
metallic ribbon need not be the same as the cir- 
cumferential length of the shaft. The bearings may 
be omitted, If the place of installation does not 
require them. 

Since the torque sensor of the present inven- 
tion is constituted as described above, the follow- 
ing advantages can be obtained. 

The means for applying a DC biasing magnetic 
field is provided for applying a DC biasing mag- 
netic field to amorphous magnetic metallic mem- 
bers mounted on the shaft Thus, by setting the 
intensity of the biasing magnetic field to be applied 
to a predetermined value or above, a variation in 
detection sensitivity due to an external magnetic 
field can be prevented, and the detection sensitivity 
can be kept constant Therefore, the torque can 
always be sensed precisely. 

In addition, by using permanent magnets as 



main components of the means lor applying the 
DC magnetic field, the sensor can be made more 
reliable, smaller in size, and easier in maintenance. 

Claims 

1. A torque sensor of a noncomact type for 
sensing a rotary torque applied to a shaft (11) 

zo having an axis, the sensor comprising: 

a first magnetic ribbon (12) fixed to the shaft along 
the circumferential direction of the shaft (11), said 
ribbon comprising a magnetic material having an 
induced magnetic anisotropy In a direction of an 

is angle a in respect to the axis of the shaft (11); 

means (28, 29) for generating an alternative mag- 
netic field along the shaft (11) and applying the 
magnetic field to said magnetic ribbon (12); and 
means (28, 29) for detecting the magnetic fields 

20 passing through said magnetic ribbon to generate 
an output signal; 

characterized by further comprising: 
means (19, 21, 22, 23) for generating a constant 
biasing magnetic field along the shaft (11) and 
25 applying the biasing magnetic field to said mag- 
netic ribbon (12). 

2. The torque sensor according to claim 1 , said 
sensor characterized by further comprising: 

a second magnetic ribbon (13) arranged close to 
30 said first magnetic ribbon (12) and fixed to the 
shaft (11) along the circumferential direction of the 
shaft (11), said second ribbon (13) comprising a 
magnetic material having an induced magnetic an- 
isotropy in a direction of an angle -a in respect to 
n the axis of the shaft (11). 

3. The torque sensor according to claim 1, 
characterized in that said magnetic ribbon (12) has 
a width W along the shaft (11) and a length L along 
the circumferential direction of the shaft (11), the 

40 width W being smaller than the length L. 

4. The torque sensor according to claim 1, 
characterized in that said magnetic ribbon (12) is 
provided to surround the entire circumference of 
the shaft (11). 

45 5. The torque sensor according to claim 1, 
characterized in that said biasing magnetic field 
generating means (19, 21, 22, 23) includes at least 
one permanent magnet (23) for generating a bias- 
ing magnetic field. 

so 6. The torque sensor according to claim 1, 
characterized in that said biasing magnetic field 
generating means (19, 21, 22, 23) Includes at least 
one electromagnet (56) for generating a biasing 
magnetic field. 

ss 7. The torque sensor according to claim 1, 
characterized in that said means (28, 29) for gen- 
erating alternating magnetic field includes an elec- 
tromagnet (28. 29) for generating a high-frequency 
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alternating magnetic field. 

8. The torque sensor according to claim 1, 
characterized in that said detecting means (28, 29) 
includes a coil (28, 29) for detecting the magnetic 
field. 

9. The torque sensor according to claim 1. 
characterized in that said first magnetic ribbon (12) 
is made of amorphous metal. 
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0 Torque sensor. 

0 In a torque sensor of a noncontact type, a pair of 
amorphous magnetic ribbons (12, 13) are bonded to 
a shaft (11) to which a rotary torque is applied. A 
pair of coils (28, 29) are wound around the shaft (11) 
and an alternative magnetic field is applied from the 
coils (28, 29) to the magnetic ribbons (12. 13) along 



the axis of the shaft (11). A permanent magnet (23) 
and yokes (19, 21) are located around the shaft (11) 
and a bias magnetic field is also applied from the 
magnet (23) to the magnetic ribbons (12, 13) through 
the yokes (19. 21). 
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(54) TORQUE SENSOR BY THIN AMORPHOUS MAGNETIC STRIP 

(57)Abstract: 

PURPOSE: To make the non-contact detection of torque 
possible by fixing a thin amorphous magnetic strip 
having a large magnetostriction constant by winding and 
fixing it to a revolving shaft. 
CONSTITUTION: Two magnetic heads 18, 19 are 
disposed in symmetrical positions with inclination at an 
equal angle with respect to the axial direction of a 
revolving shaft 4 spacially slightly from a thin amorphous 
magnetic strip 1. An easy- to-magnetize axis is applied 
to the strip 1 in the axial or rotating direction by a heat 
treatment. When the two heads 18, 19 are excited by a 
high frequency power source 14 via a diode 20, the 
inductance of either of the magnetic heads is increased 
by a magnetostrictive effect and that of the other is 

decreased on exertion of torque thereupon, thus producing a difference between the excition 
currents. If the difference in the excitation currents is drawn out as a DC differential output 
Vout 23, the direction and magnitude of the torque are detected from the code and magnitude 
thereof. 
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(54) COMPENSATING APPARATUS FOR SENSITIVITY OF TORQUE MEASURING 

DEVICE 

(57)Abstract: 

PURPOSE: To temperature-compensate sensitivity of a 
sensor when a magnetically anisotropic part formed on 
an outer periphery of a torque transmission shaft is 
utilized and torque is measured by means of a torque 
sensor using a detection coil and an excitation coil. 
CONSTITUTION: A dc bias current control circuit 8 is 
added to an ac constant current source 7 to an excitation 
coil 6, A sum V1+V2 of detected voltages from a pair of 
detection coils 4,5 is output from an arithmetic device 17, 
whereby temperature of a sensor part is represented. A 
signal is sent to the control circuit 8 based on the value 
of this sum V1+V2 so that dc bias current is 
increased/decreased. A torque detection output can be 
varied according to a change in dc bias current, thereby 
temperature-compensating detection sensitivity. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 



http://vwwl9.^ 3/24/2005 



Searching PAJ 



Page 2 of 2 



the examiner's decision of rejection or 

application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 

decision of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 

■ * 

Copyright (C); 1998,2003 Japan Patent Office 



http://v^l9ipdl.ncipLgojp^ 3/24/2005 



PCT/EP03/10634 



PATENT COOPERATION TREATY 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION CONCERNING 
SUBMISSION OR TRANSMITTAL 
OF PRIORITY DOCUMENT 

(PCT Administrative Instructions, Section 411) 



Date of mailing (day/month/year) 
29 December 2003 (29.12.03) 



To: 



THOMAS, Kurig 
Becker, Kurig, Strauj 
Bavariastrasse 7 
80336 Miinchen 
Germany 



Becker(Ku)?ig StraUs 

BAVARIASTRASSE^. 80336 MUNCHEN 



1 3, Jan. 2004 



WV: 



./LF: 



Applicant's or agent's file reference 
52016 WO 



IMPORTANT NOTIFICATION 



International application No, 
PCT/EP03/10634 



International filing date (day/month/year) 
24 September 2003 (24.09.03) 



International publication date (da y/morrth/y ear) 
Not yet published 



Priority date (day/month/year) 

25 September 2002 (25.09.02) 



Applicant 

FAST TECHNOLOGY AG. et al 



1. The applicant is hereby notified of the date of receipt (except where the letters "NIT appear in the right-hand column) by the 
International Bureau of the priority documents) relating to the earlier application(s) indicated below. Unless otherwise 
indicated by an asterisk appearing next to a date of receipt or by the letters M NR M , in the right-hand column, the priority 
document concerned was submitted or transmitted to the International Bureau In compliance with Rule 17.1(a) or (b). 

2. This updates and replaces any previously Issued notification concerning submission or transmittal of priority documents. 

3. An asterisk^) appearing next to a date of receipt in the right-hand column, denotes* priority document submitted 
or transmitted to the International Bureau but not in compliance with Rule 17.1(a) or (b). In such a case, the attention 
of the appacanc is directed to Rule 17.1(c) which provides that no designated Office may disregard the priority claim 
concerned before giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document 
within a time limit which is reasonable under the circumstances, 

4. The letters "NRT appearing in the right-hand column denote a priority document which was not received by the International 
Bureau or which the applicant did not request the receiving Office to prepare and transmit to the international Bureau, 

as provided by Rule 1 7.1 (a) or <b), respectively- in such a case, the attention of the applicant is directed to Rule 1 7.1 (c) which 
provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity, 
upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the 
circumstances. 



Priority date Priority aortic^ on No. 

25 Sept 2002 (25.09.02) 0222296.6 



Country gr regional Qffjce, 
Of PCT rgfittMpq Office, 

GB 



Qflteofrgcojpt 

plXtrifldtt document 

12 Dece 2003 (12.12.03) 



Tt* International Bureau of WtPO 


Authorized officer 


cbomio dee CotocntoeHae 


Maria KIRCHNER (Fax 338 8970) 


121 1 Geneva 20, Switzerland 


Facsimile No. (41 22) 333*9.70 


Telephone No. (41-22)336 6056 



Form PCT/IB/304 (July 1996) 



006030471 



PaTENTOCR^tonTONTRESTr 



From the 

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 



To: 

STRAUS, Alexander 
BECKER. KURIG, STRAUS 
Bavariastrasse 7 
D-80336 Munchen 
ALLEMAGNE 



BECKER KURIG 

BAVARIASTRASSE 7 • 8033 



WV: 



OaDez. 20W 



./LF: 



IAUS 

5nchcn 



PCT 



NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



(PCT Rule 71.1) 



Date of mailing 
(ttaytnonttyear) 



02.12.2004 



Applicant's or agents file reference 
5201 6 WO 


IMPORTANT NOTIFICATION 


International application No. 
PCT/EP Q3A0634 


International fifing date (daytnontfyear) 
24.09.2003 


Priority date (OayArtontnyear) 
25.09.2002 


Applicant 

FAST TECHNOLOGY AG. et aJ. 



1. The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
international preliminary examination report and its annexes, if any, established on the international 
application. 



2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for 
communication to ail the elected Offices. 



3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of 
the report (but not of any annexes) and will transmit such translation to those Offices. 



4. REMINDER 

The applicant must enter the national phase before each elected Office by performing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices) 
(Article 39(1 )) (see also the reminder sent by the International Bureau with Form PCT/IBB01). 

Where a translation of the international application must be furnished to an elected Office, that translation 
must contain a translation of any annexes to the international preliminary examination report It is the 
applicant's responsibility to prepare and furnish such translation directly to each elected Office concerned. 

For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the 
PCT Applicant's Guide. 

The applicant's attention is drawn .to Article 33(5), which provides that the criteria of novelty, inventive<step 
and industrial applicability described in Article 33(2) to (4) merely serve the purposes of international 
preliminary examination and that "any Contracting State may apply additional or different criteria for the 
purposes of deciding whether, in that State, the claimed inventions is patentable or not* (see also Article 
27(5)). Such additional criteria may relate, for example, to exemptions from patentability, requirements for 
enabling disclosure, clarity and support for the claims. 
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1 . This international preliminary examination report has been prepared by this International Preliminary Examining 
Authority and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 4 sheets, including this cover sheet. 



□ This report is also accompanied by ANNEXES, Le. sheets of the description, claims and/br drawings which have 
been amended and are the basis for this report anctbr sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 



This report contains indications relating to the following items: 

I G3 Basis of the opinion 

II □ Priority 

Hi 13 Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

IV □ Lack of unity of invention 

V □ Reasoned statement under Rule 66.2(a){ii) with regard to novelty* inventive step or industrial applicability; 

citations and explanations supporting such statement 

VI □ Certain documents cited 

VI I □ Certain defects in the international application 

VIIL PL-. Certain observations on the international application ^ . ^ , ^ ^„ 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCTyE P 03/1 0634 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Articie 14 are referred to in this report as 'originally filed' 
and are not annexed to this report since they do not contain amendments (Rules 70. 1 6 and 70. 1 7)}. 

Description, Pages 

1-16 as originally filed 

Claims, Numbers 

1-14 " " as originally filed 

Drawings, Sheets 

1/7-7/7 as originally filed 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under 
Rule 55.2 andbr 55.3). 

3. With regard to any nucleotide artdfer amino add sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application In written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure 
in the international application as filed has been furnished. 

□ The statement that the Information recorded in computer readable form is identical to the written sequence . - 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 
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5. □ This report has been established as H (some of) the amendments had not been made, since they have 

been considered to go beyond the disclosure as filed (Rule 70.2(c)). 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 

III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1. The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire international application, 
H claims Nos. 1-14 

because: 

□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an international preliminary examination (specify): 

B the description, claims or drawings (indicate particular elements below) or said claims Nos. 1-14 are so 
unclear that no meaningful opinion could be formed (specify): 

see separate sheet 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. 

2. A meaningful international preliminary examination cannot be carried out due to the failure of the nucleotide and/ 
or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the Standard. 

□ the computer readable form has not been furnished or does not comply with the Standard. 
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EXAMINATION REPORT • SEPARATE SHEET 



Re Item III 

Non-establishment of opinion with regard to novelty, inventive step and industrial 
applicability 

1 . Although claims 1 , 7, 1 1 and 13 have been drafted as separate independent claims, 
they appear to relate effectively to the same subject-matter and to differ from each 
other only with regard to the definition of the subject-matter for which protection is 
sought and in respect of the terminology used for the features of that subject-matter. 
The aforementioned claims therefore lack conciseness. Moreover, lack of clarity of 
the claims as a whole arises, since the plurality of independent claims makes it 
difficult, if not impossible, to determine the matter for which protection is sought, and 
places an undue burden on others seeking to establish the extent of the protection. 
Hence, claims 1 , 7, 1 1 and 13 do not meet the requirements of Article 6 PCT. 

2. In order to overcome this objection, it would appear appropriate to file an amended 
set of claims defining the relevant subject-matter in terms of a single independent 
apparatus claim followed by dependent claims covering features which are merely 
optional (Rule 6.4 PCT). 

3. In view of the above objection it is not at present practicable to carry out a full 
examination of the application. A preliminary examination of the independent claim 
1, which is considered to be the broadest independent claim of the application, has 
been however carried out. 

The subject-matter of claim 1 is not new (Art. 33(2) PCT). In fact, document D1 
(US4882936) discloses a torque transducer (see column 1 , lines 1 1 to 14) having: a 
shaft subject to torque about a longitudinal axis, a transducer element integral with 
the shaft and remanently magnetised to emanate a component of magnetic field 
dependent on the torque applied to the shaft (see column 8, lines 1 to 8; figure 1(2, 
6, 8)), a sensor coil disposed about the shaft to generate a signal dependent of the 
applied torque (see column 13, lines 39 to 48, 52 to 59; column 4, lines 1 to 9; figure 
1 (20, 24)), a load connected to the coil tp enable a current to circulate in the coil (see 
column 14, lines 1 8 to 40) and a receiver responsive to the field emanated by the coil 
to generate a torque dependent signal (see column 13, lines 56 to 59). 
In particular, it is noted that at column 26, lines 3 to 14 it is disclosed the possibility 
of having a receiver which is remote from the coil. 
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Assignments and Declarations regarding US 10/482,002, US 10/498,058, US 10/480 597 
US 10/477,180, US 10/485,960, PCT/EP2004/00044 and PCTYEP03/09349 forwarded to' 
Lutz May 

Applicant / Owner: METHODE ELECTRONICS, INC. 
Title: Methode ./. May 

OurRef.: 51856 KLAGE 



Dear Brian, 

The Assignments and Declarations together with all documents forwarded to us via your 
e-mail dated August 23, 2005 were sent to Lutz May on August 24, 2005. 

For execution of the Assignment and Declaration regarding US 10/482,002 and returning 
the documents to us we set him a deadline until today. As expected, he did not return the 
executed formal papers. 

For execution and returning the Assignments and Declarations regarding US 10/498,058, 
US 10/480,597, US 10/477,180, US 10/485,960, PCT/EP2004/00044 and PCT/EP03/09349 
we set Lutz May a deadline until September 7, 2005. 

We enclose copies of the letters sent to Lutz May on August24, 2005 together with the official 
receipt from the courier service, showing that the documents have been delivered and received 
by Lutz May. 

Very trulyj^ours, 
Becker 



Dr. Alex 
End.: 




C/letters to Lutz May dated Aug. 24, 2005 
Receipt of courier service 
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Monumentenstrasse 23 
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Residences du Golf 40 A 



'Cooperating office: 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re U.S. National Stage Appln. of 
Lutz Axel MAY 



Commissioner for Patents 
U.S. Patent & Trademark Office 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 



A. Background 

1 • I, KlausGennen, a citizen of Germany, am a Partner in the German law firm 
of Legerlotz Laschet Rechtsarmdlte (LLR), which is a firm established according to the 
German Civil Code. As a German rechtsamvttlte, or legal attorney, I am licensed to practice 
law in Germany. I have experience in the field of German Industrial Property Law, including 
experience with employee invention law and, in particular, the July 25, 1957, German Act on 
Employees' hiventions iArbeimehmererfndungsgesetz, or "ArbEG"), as amended, which is 
relevant to this memorandum of law. 

2. This memorandum of law has been prepared to address the question of 
whether Magna-Lastic Devices, Inc., or its sister company, Abas, Inc., both of which are 
wholly-owned subsidiaries of Methode Electronics, Inc., has a proprietary interest in the 
patent properties that are identified in Exhibit A attached hereto. This memorandum of law, 
in my opinion, demonstrates that the questions should be answered in the affirmative. 

3. I have been informed by my colleagues in the United States, whom are 
registered United States patent attorneys, that the U.S. Patent & Trademark Office (USPTO) 
Manual of Patent Examining Procedures (M.P.E.P.), § 409.03(f), states that a proprietary 
interest in the patent applications recited in Exhibit A (or based on the applications in Exhibit 
A) may be demonstrated by a legal memorandum to the effect that a court of competent 
jurisdiction would, by the weight of authority in that jurisdiction, award title of the inventions 
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that are the subject of or based on the patent applications in Exhibit A to Magna-Lastic 
Devices, Inc. or Abas, Inc. I have also been informed by those colleagues that according to 
M.P.E.P. § 409.03(f), the facts in support of any conclusion that a court would award title to 
Magna-Lastic Devices, Inc., or Abas, Inc., should be made of record by way of an affidavit o 
declaration of a person or persons having firsthand knowledge of same. I have also been 
informed that the legal memorandum should be prepared and signed by an attorney at law 
familiar with the law of the jurisdiction involved and that a copy (in the English language) of 
a statute (if other than a United States statute) or a court decision (if other than a reported 
decision of a U.S. federal court or a decision reported in the United States Patents Quarterly) 
relied on to demonstrate a proprietary interest should also be made of record. 

4. In this case, the court of competent jurisdiction is the Geiman courts, and in 
particular, the Patent Dispute Division of the Landgericht MUchen I Court (i.e., Munich 
Regional Court I). That court is a court of competent jurisdiction because the inventions that 
are the subject of or based on the patent applications in Exhibit A were made by a German 
citizen in Germany working, at the time, for a German corporation. 

5. A copy of the relevant sections of the aforementioned ArbEG statute (in 
English) is being provided in Exhibit B attached hereto. 

6. As stated in the Declaration of Alexander Strauss, which I was told was 
previously submitted to the USPTO in connection with one or more of the U.S. patent 
applications identified in Exhibit A, repeated attempts were made to obtain Mr. May's 
signature on assignment documents to clear title in connection with the properties in Exhibit 
A and, in particular, toobtain Mr. May's signature on assignments and other forms that had 
not been executed by him before the Fast Technology bankruptcy, or that are now needed in 
connection with new patent applications that have been filed by Abas, Inc., in the USPTO 
and elsewhere based on the properties in Exhibit A. 

7. After repeated failures on the part of Mr. May to execute the application 
papers and assignmentdocuments, he was sued by Abas, Inc., on January 17, 2005, in the 
Patent Dispute Division of the Munich Regional Court I. As of the date of this memorandum, 
the lawsuit against Mr.May was fully briefed, argued before the court, and is still pending. 
The relief sought under the lawsuit is an award of ownership of the properties in Exhibit A in 
the name of Magna-Lastic Devices, Inc., or Abas, Inc. 
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B. Statement of Pertinent Facts 



8. Fast Technology AG was a German corporation created and governed under 
the laws of Germany. ! 

9. Fast Technology AG was the successor-in-interest to Fast Technology GmbH 
under German law (Fast Technology GmbH and Fast Technology AG are hereinafter referred 
to as "Fast Technology"). 

10. I was told that between 1 999 and 2003, Lutz Axel May was initially the 
managing director and then the authorized signatory of FAST Technology GmbH, as well as 
a member of the board of FAST Technology. 

11. I was told that between 1 999 and 2003, Mr. May was involved in the 
inventions identified in Exhibit A within the scope of his work as an employee of Fast 
Technology. 

12. I was told that between 1999 and 2003, Mr. May was involved in the 
inventions identified in Exhibit A within the scope of his work as a managing director of Fast 
Technology. 

13. I was told that between 1 999 and 2003, Mr. May was involved in the 
inventions identified in; Exhibit A within the scope of his work as an authorized signatory of 
Fast Technology. 

14. I was told that between 1 999 and 2003, Mr. May was involved in the 
inventions identified in Exhibit A within the scope of his work as a member of Fast 
Technology. 

15. On information and belief, Mr. May is the named inventor or named joint 
inventor on the patent applications listed in Exhibit A. 

1 6. During bis employment with Fast Technology, as I was told. Mr. May was 
solely responsible for patent matters at Fast Technology, including patent applications to be 
executed in the names of Fast Technology. 

1 7. I was told that Mr. May was solely responsible for making decisions regarding 
patent matters, both during his time as an employee of the company and also during his 
activity as managing director and member of the board of Fast Technology. 

1 8. Thus, although Mr. May's title and degrees of responsibility changed within 
Fast Technology over time, he always maintained his role as the manager of patent matters. 
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19. I was told that during the same time period, Fast Technology was aware of the 
patent applications identified in Exhibit A. 

20. I was tojd tot all of the costs associated with submitting and prosecuting the 
applications identified in Exhibit A were bome solely by Fast Technology and not by Mr. 
May. 

21 . I was told that Mr. May had knowledge of this cost-bearing arrangement, and, 
in fact, it came about at his instigation. 

22 . Fast Technology became insolvent at the beginning of 2003 . 

23. Insolvency proceedings concerning the assets of Fast Technology were 
instituted August 1 , 2003, in the AG Municipal Court, Munich 1 501 IN 1 724/03. Dr. Hans 
von Gleichenstein, fom the Law Office Gleichenstein & Breitling, Rottmannstrasse 1 1A, 
80333 Mtlnchen, was appointed as the insolvency administrator. 

24. On August 22, 2003, Magna-Lastic Devices, Inc., acquired the intellectual 
property rights of Fast Technology as shown in the August 22, 2003, Sales and Transfer 
Agreement executed by Dr. von Gleichenstein and Magna-Lastic Devices, Inc., which is 
included in Exhibit C attached hereto. 

25 . On information and belief, the properties identified in the Sales and Transfer 
Agreement were subsequently transferred from Magna-Lastic Devices, Inc. to Abas, Inc. 

26. On information and belief, after August 22, 2003, Magna-Lastic Devices, Inc., 
learned that some of the applications identified in Exhibit A had not been formally assigned 
by Mr. May to Fast Technology, by way of a duly executed written assignment, when 
Magna-Lastic Devices, Inc., acquired the intellectual property rights on August 22, 2003. 

27. On information and belief, it was also learned by Magna-Lastic Devices, Inc., 
that Mr. May had not executed Declarations for Patent Application and Power of Attorney 
forms for some of the U.S. applications identified in Exhibit A (as well as for newer U.S. 
applications that are based on the properties identified in Exhibit A that were filed in the 
USPTO after the August 22, 2003, acquisition). 

C. Analysis: Demonstration of Proprietary Interest 

28. As a managing director and member of the board of Fast Technology, there 
existed a business precedent according to which Mr. May assigned his invention to Fast 
Technology. In my opinion he had an organizational duty or at least an obligation of loyalty 
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to Fast Technology that required Mr. May to assign his inventions and the patent applications 
identified in Exhibit A to Fast Technology. Mr. May was paid by Fast Technology to work 
for the interests of Fast Technology, not for his own interests, and in fact, Mr. May always 
acted as if his inventions were owned by Fast Technology. For example, as described above, 
Mr. May was active in the invention and patenting process, I was told he was solely 
responsible for coordinating the preparation of patent applications and executing forms 
required by various patent offices around the world, including powers of attorney, 
assignments, and declaration forms, he used corporate assets to pay for the legal fees and 
government fees associated with patenting his inventions, and he identified Fast Technology 
as the "applicant" on those patent applications (except in the U.S., where he identified 
himself as the inventor/applicant in accordance with U.S. practice). Moreover, all of the 
inventions in Exhibit A relate to torque sensors, which was Fast Technology's primary field 
of operation when the company was doing business. 

29. The ArbEG governs ownership of inventions made by "employees" working 
for German companies like Fast Technology. The law states that inventions made by 
German employees ar ej regulated by mandatory provisions of the ArbEG. Since the law is 
mandatory, basically itis not subject to contractual modification by the parties, for example 
by an employment agreement. According to the contracts between Mr. May and Fast, the 
ArbEG accordingly applies, but not with regard to remuneration. 

30. The ArbEG distinguishes between "service inventions," which are made 
during the period of employment and result either from the obligatory activity of the 
employee in a company or public authority, or are substantially based on experience and 
work carried out in the.course of the employment, and "free inventions," which are all other 
inventions created by the employee during the period of employment. 

31. If a sendee invention is made by an employee, the employee has a strict 
obligation to report it, without delay and in writing to the employer, stating that the report is 
notification of an invention. Within four months of receipt of the employee's notification, the 
employer may claim a restricted or unrestricted right to the invention. With an unrestricted 
claim, full title to the service invention is transferred to the employer with no further action 
on the employee's partas soon as the appropriate declaration is received. Irrespective of the 
provisions of the ArbEG, under German Law inventions and rights in inventions can be 
transferred in any form, especially tacitly or expressively, not necessarily in writing. A 
restricted claim leads to non-exclusive rights on the employer's behalf. Once the employer 
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has claimed the right to. the employee's service inventions, the employee is entitled to a 
reasonable remuneration, which may be renounced by the employee. Once an invention is 
notified, the employer must then file a patent application at its expense. 

32. With regard to free inventions, the employer may not claim a right in the 
inventions, but the employer must still be notified of a free invention in writing and without 
delay. No notice is required if the invention clearly has no application in the employer's field 
of operation. In some circumstances, the employee is required to offer the employer at least a 
non-exclusive right to use the inventions on reasonable conditions. If the ArbEG does not 
apply, the inventor retains all right to his inventions unless, as described previously, some 
other duty or obligation exists. 

33 . In this case, as an employee of Fast Technology, Mr. May had a duty under 
the ArbEG to fully andjcompletely disclose his inventions to Fast Technology. Given that the 
applications identified in Exhibit A were submitted by Mr. May (through Fast Technology's 
patent attorneys) to respective patent offices around the world in the name of Fast 
Technology, Mr. May gave notice of those inventions to his employer without complying 
with the formalities of the ArbEG. Moreover, since Mr. May was in sole responsibility 
managing patent matters for Fast Technology, his entire behavior in context with the filing of 
the patent applications in my opinion was a tacit assignment over the inventions to Fast 
Technology. 

34. With regard to the compensation requirement under the ArbEG, Mr. May 
disputes the fact that he was compensated for all of the inventions in Exhibit A. However, in 
my opinion Mr. May w ; as compensated for his inventions he made as a managing director 
and/or a member of the: board as part of his salary and bonuses given to him by Fast 
Technology in connection with his employment with those companies. Moreover, I was told 
that Mr. May received an amount of about DM 200,000.00 (or even €) as remuneration for 
the use of the inventions. Moreover, to the extent Mr. May did not seek further specific 
remuneration for the inventions that Fast Technology subsequently used, from the applicable 
point of view of Fast Technology his action was an unequivocal renouncement of any further 
right to compensation, something that is allowed under the ArbEG. To my mind he may not 
argue today that he was owed further remuneration from Fast Technology when he clearly 
waived his entitlement to the same by his earlier actions. 

35. Without an order from the Munich Regional Court I clearing title in the patent 
applications identified in Exhibit A, Magna-Lastic Devices, Inc., and Abas, Inc., are 
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prevented from exploiting the Fast Technology inventions as a proprietor for which they paid 
a substantial amount of money in good faith pursuant to the August 22, 2003, Sales and 
Transfer Agreement in Exhibit C. Without mis court order Magna-Lastic Devices Inc. and 
Abas Inc. cannot assert, their rights in the inventions/patents in the relationship to third party 
using the inventions. These third parties would object that Magna-Lastic Devices Inc. and 
Abas Inc. are not the proprietors of these patents and therefore are not entitled to interdict 
such a use. 

36. Accordingly, all of the inventions disclosed in Exhibit A, which were made by 
Mr. May in connectionwith his affiliation with Fast Technology, in my opinion were, as of 
August 22, 2003, owned by Fast Technology. Thus, when Magna-Lastic Devices, Inc., 
acquired the properties ;in Exhibit A from Fast Technology, it became the rightful owner of 
those properties. For those reasons, the Munich Regional Court I to my mind is likely to 
award the relief sought.by Magna-Lastic Devices, Inc., and Abas, Inc., to include a 
declaration that Magna-Lastic Devices, Inc., or Abas, Inc., is the owner of the pending 
properties in Exhibit A and Mr. May is obliged to sign the assignments. In my opinion the 
Court is also likely to issue an Order that Mr. May clear title by executing assignment 
documents (and executing Declarations for Patent Application in U.S. cases) for each of the 
properties for which no assignment or Declaratio/ ias 
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ASSIGNMENT 



Attorney Docket: 1119508-00101 
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~ — - t — - - -* — :: irr 

Patent granted on any division, continuation, continuation-in-part and rei™ f 
said Patent PRnpppTrcc i j- p nd rei ssue of 

™ oper ™ S , ^eluding the right to sue for past infringement- th ■ 
Pa.en, and ,„ V e„ tor certi fi cates „ respec , (hereof ^ „ 

accorded Ass,Cr.or under the ,e ms „ Paris Inlematio „ a , J~ * 

■nternationa, conventions and treaties; and the entire right tide and i n " aVa " aWe 
patents, p a ,e nts of addi(ion „,... . . , 8 "'' a " d " ,teres ' and to any and all 
inventor certificates whi m h ' ° f -validation patents a„ d 

Properties. " ^ lhr ° Ugh ° Ut * 6 W °" d ™<*« of salt, Patent 
ALSO, Assignor h^u^ * 

in section with the fi, inn 7 T ^ a ° CUmeMS *" ™ y b ° ™ 

mon wirn the tiling, prosecution and maintenance of said anni.™,- 

application© or inventor certificate*) in the Uni Jl , '. " " V °*" PateW 

or assignee in and to sa d Patent Proppr™?* ,n 
AssirMnp «i properties, all without further consideration 

— *. — Properties ,., „ „ m . „ J,, „Z™,t2™T 
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provide further assurance md testimony 0 „ behalf of A „ ^ ^ 
Assignor ,„ resp ee« of *e „„, maintenance mi defense of my ^ 
^ encoded within the terms of instrument 

"-strumem shall extend «o As S ,ono R 's heir, executor,, admtai^ mi 0|her , 
representatives. g 

A ~ M y ^ revests the Commissioner for Patents to issue any and 

all Untied States Letters Paten, referred ,„ above to Assignee, as the Assignee of the entire 
n* ft* and interest in and to the same, for ASSIGNEE'S sole use and beha.fi and for the use and 
behalf of assignee's legal representatives and successors, to die full end of the term for which 
such Letters Paten, may be granted, as fully and entirely as the same would have been held by 
assignor had this assignment and sale not been made. 

ASSfONOR authorizes any member of the firm of Blank Rome LLP to insert or 
compete any information in this document needed to effect its recorda. in the U.S. Patent * 
Trademark Office. 
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EXHIBIT C 

AUGUST 22, 2003, SALES AND TRANSFER AGREEMENT 



1I9508.00236/35687541V.2 



DR. HANS VON GLEICHENS TEIN 
IN HIS CAPACITY AS INSOLVENCY ADMINISTRATOR 
OF THE ESTATE OF FAST TECHNOLOGIES AG 

AND 

MAGNA-LASTIC DEVICES, INC. 



SALE AND TRANSFER AGREEMENT 

FOR INTELLECTUAL PROPERTY RIGHTS 
OF FAST TECHNOLOGIES AG 
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SALE and TRANSFER AGREEMENT 



between 



Dr. Hans von Gleichenstein in his capacity as insolvency administrator of the estate of FAST Tech- 
nolgogy AG, Otto-Hahn-Strasse 24, Gewerbegebiet Riemerling, 85521 Ottobrunn, Germany 



"Seller" 

and 



Magna-lastic Devices, Inc., Ill W. Buchanan Street, Carthage, IL 62321, United States of America 

"Purchaser" 



The Seller is insolvency administrator over the estate of FAST Technology AG ("FAST AG") a 
stock corporation with its seat in Munich, Germany which was engaged, in particular, I di 
development and manufacture of non-contact sensors used to measure torque. 

FAST AG has two subsidiaries, Fast Technology Limited with its seat in Newbury Berks United 

22E£ FAST Techno!ogy L LC ^ its seat Ln Livonia > Michi ^ (-X^-fIst 



2^T' I w bS f 7 ° f Meth ° de E,eCtr ° niCS *"« iS a,S ° en ^ ed in * e ** of torque 

Z2ue l7 2 ^ ^ " intereSted " gaining m Undisputed P revai ^ —ership in 
the intellectual property rights which are relevant for its business. 

Sbtlow 16 ' ^ Sdler ^ t0 *" PUrChaSer ^ t0 PUfChaSe a " * as de " 

1 . SALE AND TRANSFER 



1.1 



n! ^ 1 <nUMfen t0 ^ PUreta> " Wkh 6ffect aS of 31 2 003 (the 

Effective Date") all patents, utility models, registered designs, trade marks, logos and 

know how (m particular specific knowledge which has not yet been made available to the 

public) as well as similar intellectual property rights, whether registered or not, of FAST 

^ 7^ a " 1^ fr ° m aPPHCati0nS f ° r regiStrati0n ° f SUch *** ^cr the 
IP Rights ). In particular but without limitation thereto, the Seller sells and transfers to the 

Purchaser the IP Rights listed in EjdiibjUT_whereby the sale and transfer of each of the IP 
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1.2 



1.3 



1.4 



1.5 



1.6 



RightsunderNo s .21,32and34 of the list titled "Summary of Cases" in Exhibit 1.1 (the "IP 
List") is subject to the dissolving condition (aufldsenden Bedingung) that the respective 
Employee Inventor as defined in Clause 3.2 exercises his statutory pre-emption right (as set 
put in Clause 3 below). The Purchaser accepts this sale and transfer. To the extent that the 
transfer of legal tide cannot be effected by the Effective Date, as between the parties, they 
shall put each other in a position they would have been in if the transfer had been effected 
by the Effective Date. 

The IP Rights sold and transferred also include all inventions, business secrets, procedures 
formulae and all technical know-how, exclusive and non-exclusive rights to use copy rights' 
(Nutzungsrechte) including the right to use software developed in-house (for example by 
employees) (but excluding software licences from third parties), regardless of whether they 
are legally protected or not, including all their embodiments, such as for example drawings 
records, including data available on files, other computer-readable media or other documen- 
tation relating to the IP Rights of FAST AG (all embodiments together the "IP Documenta- 
tion"). 

In relation to the IP Rights sold and transferred under this Agreement, in particular those 
listed under No, 1,2, 13,30,31 and 32 of the IP List, which are currently not yet owned by 
and/or not yet registered in the name of FAST AG, but for the transfer of which FAST AG 
has a legally valid claim against the respective inventors or any other third party (pursuant to 
contracts or otherwise), the Seller hereby sells and transfers these claims to the Purchaser 
To the extent a sale and transfer of such claims is not legally possible, the Seller shall use all 
reasonable efforts to effect the legally valid registration of such rights for the Purchaser. 

In relation to the IP Rights owned by FAST Subsidiaries, if any, the Seller will use its best 
efforts to procure that the FAST Subsidiaries transfer the relevant IP Rights to the Purchaser 
on or before 3 1 October 2003. 

For the avoidance of doubt, the Parties agree that the sale and transfer of the IP Rights under 
this Agreement does not include the sale and transfer of anv tangible assets fc - 
and equipment, technical facilities, trade and business fixtures, inventory) nor, with the 
exception of the IP Rights as defined and specified in Clauses 1.1 to 1.4 hereof, does it 
include the sale of any intangible assets; in particular, it does not include the sale and 
transfer of any customer relations or of contractual relationships of any kind such as supply 
agency or lease agreements. Furthermore, the Parties agree that the sale and transfer of the 
Rights does not include the transfer of any employment relationship existing between 
FAST AG and any of its employees. 

The Seller is obliged to give all declarations and perform all acts necessary to effect the 
change of registration of the IP Rights in the relevant registers to the Purchaser. A draft form 
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of such a consent declaration to the change of registration of the IP Rights is attached as Ex- 
hjbjUJ,. The Purchaser shall submit to the Seller suitable assignment forms for each of the 
relevant registered IP Rights. The Seller shall present to the Purchaser the duly signed forms 
kgahsed by a public notary (with apostille affixed to the extent required by law) within 10 
business days after receipt of the draft forms from the Purchaser. 

1.7 As soon as possible following signature of this Agreement, the Seller shall submit to the 
Purchaser the IP Documentation. Furthermore, the Seller shall assist the Purchaser as much 
as reasonable possible, until the full transfer of title to the IP Rights will have been effected 
to safeguard the protection of the IP Rights. In particular, the Seller will undertake all neces- 
sary steps to procure that all relevant applications for the prolongation of any IP Rights are 
made in due time. 

2. PURCHASE PRICE 

2. 1 The purchase price amounts to EUR subject t0 a hase rfce 

suant to Clause 3.3 (the "Purchase Price"). 

22 t P ^r ChaSe PriC6 ° f EUR (subjeCt t0 C,auses " and 3.4 below) (the 

First Partial Purchase Price") is due for payment to the Seller on the Effective Date. 

2.3 A partial purchase price of EUR (subject to Causes 3.3 and 3.4 below) (the 

Second Partial Purchase Price") shall be due for payment to the Seller 10 business days 
after the last of the IP Rights listed in Exhibit 1.1, including in particular the IP Rights listed 
under No* 1 2 13, 30, 31 and 32 of the IP List have been legally valid registered in the 
name of the Purchaser, at the latest, however, on 1 September 2005. 

2.4 Payments to the Seller shall be made to the following Seller's account: 

Account Holder: Hans von Gleichenstein 
Account No.: 7513104 
Bank: Deutsche Bank 
Sorting code: 700 700 24 

Reference: "Kaujpreis fur IP-Rechte an Herrn von Gleichenstein in seiner Eigenschaft als 
Insolvenzverwalter der Fast Technologies AG" 
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3. 



3.1 



3.3 



3.4 



pTcS^Z° N ~g> and purchase 



4.1 



The _N£ undoes «, procure ft,, al , ^ wh0 „,„ ^ serviM invenl . oiis 
Vmutafimlmg,*) as defined in Section 4 Employee Inventor,' Act UrbeitneHmer- 
Ej^TTf* fATO "> **» "» tem ° f •* wrm FAST AG, unleX 

AFG pnor to the Effective Date and the Seller will folly claim the rights under the 
morions purser to Seetion 6 as AFG. The Seller undertakes to use all JLble efforts 
m order to procure that the legal assignment and registration of these rights for FAST AG 

i is achieved without undue delay after sigua«u re J to 



The Purchaser is aware that the sold IP Righns) listed under No s . 21, 32 and 34 of the IP 

sub ee. to . ir taVen,i0,,S <«"**'**«0 and are Wore 

subject to statutory pre-emption ngh. for the benefit of foe respective employee inventor 
O. = Employee Inventors") pursuant „ Section 27 para. 2 AFG to foe effort tha, Geo* 

2i "S ?r i rrr n ngh ' <**■*-*!> *> «p« of *. * m*. listed „„„„ N< : 

21 and 32 of the IP L,st and David Kelly has a pre-emption right in respect of the IP Right 
teed under No 34 of foe IP List Tne Seller undertakes to send a copy of foi s agm„ 
the Employee Inventors without undue delay after signature of this Agreement 

toventor iTi^^ D"*"" " S °°" " * *" " "*» *» - ^ployee 

^Lt ST TT. pre " en "" i0n right ,f such *** - dte 

to Se^„ «°7 r^r- y ** ^ Payable * *• Em ^ Mentor pursuant 

to Section 467 of the German Civil Code (foe "Purchase Price Reduction Amount"). 

££2Tp W ? *! Al ' ,0, "" ^ KdUCe *" Second Panial »**« Wee. If foe 
Fust Partral Purchase Pnce has already been paid to foe Seller by foe fa, fo s 

extent the Purchase Pnce Reduction Amount exc~,t. «■- . . . - ... 

Purchase Price. «. u, c oecono ramai 

REPRESENTATIONS AND WARRANTIES 

The Purchaser has inspected the IP files available for FAST AG and compiled foe 
mformanon , mcluded in Exhibit .,. The Purchaser foerefom has detailed 

T ^ reSPM ' ' ff * ff or otherwise in 

respect of legal ctrcumstances or effects described in this Agreemen , In partjcuIar fe 
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Seller does not assume any liability for the existence of and ownership to the IP Rights listed 
in Exhibit 1.1. 

4.2 Furthermore, all statutory warranty claims or other statutory or contractual claims for 
damages of the Purchaser out of or in connection with this Agreement, except for any claims 
which are based on gross negligence or wilful acts of the Seller, are excluded. 

5. FUTURE BUSINESS - LICENSES 

5.1 The Parties agree that, also after the sale and transfer of the IP Rights under this Agreement 
has become effective, the Seller may freely sell and transfer assets of FAST AG (other than 
the IP Rights and the IP Documentation sold and transferred to the Purchaser under this 
Agreement) to any third party, whether by selling and transferring individual assets or by 
transferring the whole business of FAST AG and that any such sale and transfer, even if this 
includes inventory which has been produced under exploitation of the IP Rights sold 
hereunder, shall in no event be construed as an infringement of the IP Rights. 

5.2 Following the transfer of the IP Rights to the Purchaser as set out in this Agreement, in line 
with its business policy, the Purchaser will continue offering licenses for the use of its 
intellectual property rights including the IP Rights acquired hereunder under its standard 
terms and conditions. On that basis, the Purchaser is willing to enter into negotiations in 
view of a potential license of the IP Rights subject to such standard terms and conditions to 
qualifying former customers of FAST AG (in particular with Chicago Pneumatic Tool 
Company). 

6. COSTS 

All costs arising in connection with this Agreement, in particular all costs arising from the 
transfer of the IP Right to the Purchaser and the respective change of registration shall be 
borne by the Purchaser. For the avoidance of doubt, the Seller shall not bear any costs for 
the estate of FAST AG in connection with the fulfilment of his obligations pursuant to this 
Agreement, in particular in connection with his obligations pursuant to Clauses 1 6 and 1 7 
hereof. 

7. FINAL PROVISIONS 

This Agreement contains all agreements reached between the Parties. There are no side 
agreements. 

Any amendments or supplements to this Agreement as well as the waiver of any rights under 
this Agreement shall be in writing to be effective unless notarisation is required. This also 
applies to any amendment to, or cancellation of, this written form clause. 



7.1 



7.2 
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7.3 Tina Agreement , s governed by German taw. The piece of exolusiv. jurisdiction fo, ell 
deputes between the Parties arising out of or in connection with this aJZ,™ Z 
regarding its validity is Munich A e^ em "» « 



7.4 



»Z f„ « 8rceme '" °' ' pn>Visi0n facluded * is A «™»«« at a later 

ST* ,7 mC inVa " d " Md V0W M ' whote OT « « *ould a gap in 
dtts Agreement become evident, this doea not affect the validity of the rentainingprovirion 
The tnvah or null and void provision is replace* or the gap is filled in, respecX~ 

what the Pamea mtended o, would have intended in accordance with the purpose of l a 
Agreement tf they had considered the point a, the toe of oonc.uaion of this AgrZent 



22 <g I 



For and oh behalf of the Se.iw Vnr . , , ,„ 

For and on behalf of the Purchaser: 

Function: VfaW/CLlU/ ^J^^k^ A * /Coa.*„ 

GLEICHENSTEIN & BREITLING j 

Rechisanwaite j 
RottmannsfraBe 1 1 q - j 

80333 MOnchen ' 
Telefon 0 89/54 27 30-0 
Telefax 0 89/54 27 30-15 
rae@gleichenstein-und-koll.de 

1 
i 
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1 



EXHIBIT 1.1 
IP RIGHTS 



Best Available Copy 

2 . 



SUMMARY OF CASEft 



© TSldlC Patent Bedrenios Patent. Tomua jB^DMBJEIELgjlgg »OT 
U8 Patent Nb; 6,346,812 

Assignees: J Fast Technology GmbH & Fast Technology AG 

Inventors; I Lute May,,Adr1*n Paul Brofcaw 

Assignment from Adrian Paul Brokawto Past Technology OmbH recorded at USPTO on 
16Febntam2001; 

Am Ignmen I from Lute May to Fast Technology AO recorded at USPTO on 6 December 
2001. 1 



Japanese Pktent Application No: 10-646920 
Applicant: I Lute AxbI May 

European Patent No: 0991760 
Patentee; I Past Technology AO 

Validated In: Haty, Spain, Germany, Sweden, France and the United Kingdom 

Assignment from original applicant Lute May to Fast Technology AG recorded at EPO 
on 19 November 2001. 



IS 



-ores Base Patent (FT Cane 



US Patent application No: 09/073030 US ISZaUZo 
InverrtorB// pplicante: Lute May, Neil Brodey. John Owsley 

Assfgnmer t from Lute May to Feat Technology AG dated 12 February 2003, assignment 
from Nell Brodey to Fast Technology AO dated 21 March 2003; STILL AWAITING 
ASSJGNMI NT FROM JOHN OWSLEY - Not received by Lloyd Wlee as of 7 August 2003 
despite nu meroua reminders both by telephone and facsimile/man - No assignments 
yet recorded at U8PTO. 

Japanese Patent Application No: 2000-546211 
Applicant! Fast Technology GmbH 



European 

Applicant 



»atent Application No: 08907770.4 

Fast Technology AG 



3 - Automatic Qajn Qpnlmi (FT Cgg* R«f ; 3 ) 



US Patent Application No: 09/937,230 



Assignee 
Inventors 



Fast Technology GmbH 
Lube May. John Owsley 



Asslgnmei it recorded at USPTO on 2 January 2003. 

Japanese Patent Application No; 2000-606976 
AppDoarrf Fast Technology AG 



Best Available Copy 

3 



European Pejent Application No: 00912778.3 
Applicant Fast Technology AG 



teisl! PitenfAppI 
Applicant: 



alleatfon No: 14SB33 
F«t Technology AG 



*fld Spwtl fignsgfiFT Owe Bg£4} 



US Patent Application No; 00/837,636 
Assignee: ] Fart Technology GmbH 
inventors; Lutz May, John Owsley 

Assignment rtcorxied at USPTO on 2 January 2002 

Japanese pitent Application No: 2000-608152 
Applicant: I Fart Technology AQ 

European pitent Application No: 9807130,0 
Applicant: Part Technology AG 

breed Patelt Application No: 145934 
Applicant: | Fast Technology AG " 



lal fTorold) L1 Disc (FT Case ReftS) 

US Patent Application No: 10/049,323 
Assign**: I Fast Technology AG 

inventor: Lutz May 

Asslgnmanljrecorcisd at USPTO on 14 May 2002. 

Japanese Patent Application No: 2001-517133 
Applicant: Fast Technology AG 

European »atent Application No: 00953303.6 



Applicant; 



Fart Technology AG 



Israeli Pa* mt Application No: 146017 



Applicant, 



5s. DISC Sensor fFTCass RsfiSal 



Japan 
Applicant : 



Part Technology AG 



US Patentf Application 
Assignee: 
Inventors; 

Asslgnmet t 



No: 10/046322 
Fast Technology AG 
Lutz May 
recorded at USPTO on 14 May 2002. 



Patent Application No: 2001-517134 
Fast Technology AG 



Best Available Copy 



European Pi »nt Application No: 0OWW08.4 



Applicant* 

Israeli Paterr 
Applicant: 



Fast Technology AG 

Application No: 148016 
FasfTeo^ologyAG 



Assail rcnwfrr fFT tatm Rofffl 



US Patent A ipllcation No: 10/110,007 



Aaelgnee: 
Inventors: 

Assignment 



Fart Technology AO 
LutzMay 

i xorded at U8PTO on 14 May 2003. 



Japanese Patent 
Applicant: 

European P rtent 
Applicant: 



Application No: 2001-530597 
Fast Technology AG 

: Application No: 00971326.4 
Fast Technology AG 



Israeli Patent Appllcetio 
Applicant: 



n No: 148967 

Fast Technology A6 



7. sjma 

US Patent Ap 
Assignee: 



Ambterrt Field Sensor fFT Case Ref:7) 



Assignee; 
Inventon 

Assignment 



Applicant: 



i 



plication No: 10/089,978 

Fast Technology AG 
LutzMay 

recorded at USPTO on 14 May 2002, 



Japaneee Patent Application No: 2001-630548 
Appl icant: Fast Technology AO 

European >atent Application No: 00072736.3 
Applicant: Fast Technology AG 

Israeli Pes rnt Application No: 148954 



Fast Technology AG 



CeH. Physical Force Banging, Pressure Sensor fjFT Case f^efts^ 



US Patent Application No: 10/239,845 



Assignee 

Inventors 



FestTechnoJogyAG 
LutzMay 



Assionrnei it recorded at USPTO on 18 December 2002. 

Japanese Patent Application No: 2001-571064 
Applicant Fast Technology AG 



Best Available Copy 



European P« nit Application No: 
Applicant: Fast Technology AG 

Israel] Patent Application No: 151736 



Applicant: 



e. 



tana 



F^TsanotogyAO 



ftflna! PTOW RS 0-2) (FT Cwm Brffl 



US Patent Application 
Assignee: 
Inventors: 



No; 10/257,397 
Fast Technology AG 
LutxMay 

Assignment recorded at U3PTO on 1 1 February 2003. 



Japan*** 
Applicant 

European! 
Applicant: 



Patent Application No: 2001-676421 
Fast Technology AQ 

pjrtsnt Application No: 01931591.1 
Fast Technology AG 



Israeli Patent Application 
Applicant: 



No; 16Z176 
Fast Technology AG 



10. 1EL 

into a third j^rt/s patent tome years ago, 

11. M&:istfeW.6Btr^h D^c (FT 0** **U) 



i Application No: 10/258,275 

Fast Technology AG 
Lute May 

Assignment recorded at USPTO on 27 Janua/y 2003. 



US Patent 
Assign**; 
Inventors: 



12- A2fld 



Bflfc lfllThfS are no active cases for this case, thfs being an investigation 



Japan*** 'srtent Application No: 2001-385430 
Applicant: Fast Technology AO 

European 'stent Application No: 01*43403,4 
Applicant:) Fast Technology AG 



Israeli Patent Application 

Applicant: 



No: 152142 

Fast Technology AG 



US P*t*m Application Noi 10/297,980 



Assignee 
Inventors 



Awlgnme it retorted at USPTO on 22 April 2003. 



Jspaftset 



Movement Compansatina T8 fFT Case Rsf:12> 



Fast Technology AG 
Lute May 



Patent Application No: 2002410906 



Best Available Copy 



Applicant 



Huropean F 
Applicant 



Pi ant 



Fast Technology AO 

Application No: 018602814 
FaatTeehnotogyAG 



laraell Patent Application No: 183068 
Applicant: Fast Technology AG 

'flhaftfFTrrfflWRpft18) 

US Patent Abpflcation No: to bo ad vis ad - awaiting offldaJ filing receipt 
lnvantor/AppBeant: Lutz May 

Assignment bcxximantfrorn Ufa May to Fast Technology dated 21 March 2003 received by 
Uoyd Wise fnd fOfwardsd to US attorney on 4 April 2003 - we are awaiting confirmation of 
racordal of t|e assignment from the USPTO. 

Japanese P^rrt Application No: 2002-527746 
Applicant: Fast Technology AG 

European if atent Application No: 01962269.1 
Applicant: Fast Technology AG 



Pad nt 



Israeli 

Applicant: 



Intemattoi tal 
Applicant 
Inventors 



16 



: Application No: 164855 

Fast Technology AG 



14. C >ntre Magnet (FT Case Reft 140 



Patent Application No: PCT/EP02/00766 

Fast Technology AG 
Lute May 



fqrWe&ntQTWr^CBwR^ , 
Intematic tial Patent Application No: PCT/EP02/O0784 

Applicant Fast Technology AG 

Lutz May 



Inventors; 



16. Aj fil Shin Meagurernwrt (FT <?0*? faf;1§) 



This casi was cognatodwHh the axial movement compensation TS case (case 12) as an 
International appuoauon - see CSSC 12 above. 

17. A >oto Sensor (FT Sana Reftl71 



Interrmti »nal Patent Application No: PCT/EP01/13698 
Applleai t Fast Technology AG 
Inventor i; Lute May 



18. I efleqj Cq(| - 1,1 frtOTn<?ttB?tf°" (FT Q*** m™) 



Best Available Copy 



IritarnaifoneJ patent AppScatton No:PCT/SP02/0122fi 
Applicant: Fast Technology AO 

Lute May 

19. Amonfato Gain Control CofflDaraafl^^ 

International Patent Application No:PCT/EP02/01704 
Applicant I Fast Technology AG 
Inventors: I Lutz May 

20. Maintenance Pma Htoh Pmcfaton Porea Serwor (FT Case Rflf3ffl 

International Palant Application No: PCT/RP02AJ1230 
Applicant I Fact Technology AG 

Inventors: J Lutz May 



21. 



Intarnation; J Patent Application No: PCT/EP02/0M20 



Applicant: 
Inventor*: 



22. Pjuc Proorarpmafate Interface Unit (FT Casa Rof-22) 



Intecnetlon U Patent Application No: PCT/EP02/04S71 



Applicant; 
Inventors: 



24. AC 



CpP Field Sfflffff r fFT Qm Rgftgl) 



Fast Technology AG 

Lute May. Georg Cuntze 



Fast Technology AG 
Lute May 
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lntematioi «| Patent Application No: PCT/EPO 
Applicant; Past Technology AG 
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Intemafiojial Patent Application No; PCT/EP02/06300 



Applicant 
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Fart Technology AG 
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7,2030 



Best Available Copy • 



27. TryqtU Lnsa Mffi Mf-MTfflnt i£L nHafl BfcZD 

This case ha : b««n abandoned. 

28. Imnr vnrl Jassm Pulnt a r?'?mlnffl Etaa Bb^SQ 

The case ha 9 been abandoned. 

20. Bsaapal MofcU ptegnia aatadion (ft sua Raft2ey 

Internatlon tl Patent Application No: PCT/BP02/14820 



Appflcanb 
Inventors: 
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Fast Technology AO 
Lute May 
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IntematlorJsJ Patent Application No: PCT/EP03/D1MB 
Applicant! Past Technology AG 

Inventors:! LlrtzMay 

US Patent Application No: to ba advised - awaiting official filing receipt 
Assign**:! 

InvantoisJ Lutz May 

Awaiting sbned Assignment document from Lutz May - sent to Fast Technology for signature 
on 28 February 2003; document not received by Lloyd Wise as of 7 August 2003. 

SlJ Unfcar Displacement Transducer (FT Casa Re£31 ) 



International Patent Application No: PCT/EP037Df 007 
Applicant Fast Technology AG 

Inventors* Lutz May 

US Patent Application No: 107,373,634 
As»lgr ' 

Inventors!: Lutz May 

Awaiting figned Assignment document from Lutz May - sent to Fast Technology tor signature 
on 28 Fslfruary 2003; document not received by Uoyd Wise as of 7 August 2003. 
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Fait Technology AS 
Lutz May; Qoorg Cuntza 



it Application No: 10/,419>99S 



Lutz May: Gaorg Cuntze 
signed Assignment document from Lutz May end Georg Cumse- $ent to Fast 
Technology for signature on 25 April 2003; document not received by Lloyd Wise as of 7 
August )003. 



Best Available Copy 
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